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Mammalian plasma contains an enzyme 
precursor termed plasminogen (profibrino- 
lysin) (1) which can be activated by various 
agents in vitro to form plasmin (fibrino- 
lysin)(1), an enzyme capable of dissolv- 
ing fibrin clots. Streptokinase,* a com- 
monly employed activator of human _plas- 
minogen, is incapable of activating some ani- 
mal plasminogens(2). Geiger(3) first re- 
ported that more than one factor was in- 
volved in the activation of certain animal 
plasminogens by SK. Later, Miillertz and 
Lassen(4) showed that although bovine plas- 
minogen was refractory to activation by SK, 
the addition of human globulin to the system 
resulted in the activation of the bovine plas- 
minogen. As a result of their investigations, 
Miillertz and Lassen postulated that SK re- 
acts with a proactivator (human factor) to 
form a plasminogen activator which converts 
plasminogen (bovine) to bovine plasmin. The 
studies of Troll e¢ al.(5) and Troll and 


* Streptokinase—abbreviated SK. 


Sherry(6) indicated that this 2-stage activa- 
tion process also applied to the SK activation 
of human plasminogen, the first step being a 
stoichiometric combination of SK with pro- 
activator to form activator; the second stage, 
the enzymatic conversion of plasminogen to 
plasmin by this activator. Employing syn- 
thetic substrates, they concluded that both 
the plasminogen activator and plasmin hydro- 
lyze lysine esters, whereas plasmin hydrolyzes 
arginine esters as well. 


It is the purpose of this paper to present 
data which indicate that the proactivator de- 
scribed by Millertz and Lassen may be hu- 
man plasminogen. This conclusion is based 
on evidence obtained from a comparison of 
the solubility, stability and purification char- 
acteristics of proactivator and human plas- 
minogen. Further evidence supporting this 
conclusion is provided through studies of the 
autocatalytic conversion of human plasmino- 
gen to human plasmin. 


Preparations. Human plasminogen, Frac- 
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tiont III, Human Plasma (Baxter Labora- 
tories) and placental blood Fraction III, 
were used. Fraction III and placental blood 
Fraction II], were purified according to Kline 
(7), Christensen(8) or by methods described 
in the text. Bovine Plasminogen. Fifty-two 
liters of fresh citrated bovine plasma were 
warmed to 25° and with continuous stirring, 
520 ml of 20% calcium chloride were added 
slowly. The fibrin which formed was re- 
moved by filtration through cheese cloth and 
500 ml of 1% sodium ethyl mercurithiosalicy- 
late were added to the serum filtrate. The 
serum was adjusted to pH 5.2, added to 10 
volumes of cold distilled water and the pre- 
cipitate allowed to settle at 5° for 24 hours. 
Most of the supernatant fluid was then si- 
phoned off and the precipitate collected by 
Sharples centrifugation. Twenty grams of 
sodium chloride were added to the precipitate 
to aid in obtaining a homogeneous suspension. 
It was suspended in 4 liters of distilled water, 
adjusted to pH 6.4, and lyophilyzed. Strep- 
tokinase—Varidase® (Lederle) was dialyzed, 
adjusted to pH 6.4 and lyophilyzed. Sudb- 
strates—Synthetic substrates were prepared 
as follows: L-lysine ethyl ester dihydrochlor- 
ide (LEE) according to Werbin and Palm 
(9), and p-toluene sulfonyl arginine methyl 
ester monohydrochloride (TAME) according 
to Troll e¢ al.(5). All compounds met the 
usual criteria for analytical purity. They 
were stored over phosphorus _ pentoxide. 
Buffers—pH 6.5 and pH 7.15 — 0.1 M phos- 
phate buffers were used in the assays. 
Methods. Lysine ethyl esterase assay. 
This assay provided a measure of the total 
activator and plasmin activity of SK acti- 
vated plasminogen, since both enzymes hy- 
drolyze LEE(6). When this assay is carried 
out in the absence of SK, it provides a meas- 
ure of plasmin only. SK and varying dilu- 
tions of human plasminogen are prepared in 
pH 6.5 buffer. LEE is dissolved in pH 7.15 
buffer at a concentration of 0.168 M immedi- 
ately before use to minimize spontaneous hy- 
drolysis(10). SK, plasminogen dilutions and 


t Obtained from Dr. T. D. Gerlough of E. R. 
Squibb and Sons through the courtesy of Dr. J. N. 
Ashworth of American Red Cross. 
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FIG. 1. (a) SK titration curve (10 y human plas- 
minogen) and LEE assay of a human plasmino- 
gen.t The fraction was assayed using 40,000 u SK 
and had a caleulated potency of 1.4 u/y N. (b) SK 
titration curve (.25 y human plasminogen) and ac- 
tivator assay of a human plasminogen.+ The frac- 
tion was assayed using 20,000 u SK and had a eal- 
culated potency of 60 u/y N. 


buffer are warmed to 37° and then added to 
a series of conical centrifuge tubes in the fol- 
lowing order: 0.5 ml pH 6.5 buffer, 0.5 ml 
of varying plasminogen concentrations, 0.5 ml 
LEE and 0.5 ml SK. Enzyme blanks for each 
reaction mixture are included by substitution 
of pH 6.5 buffer for LEE. A substrate con- 
trol is composed of 0.5 ml LEE and 1.5 ml 
pH 6.5 buffer. The pH of all mixtures is 6.4- 
6.5. The reaction is started by addition of 
SK and after one hour at 37°, the mixtures 
are analyzed by the copper method(10). Val- 
ues of enzyme blanks and substrate control 
are subtracted from values of the reaction 
mixtures and the difference is converted to 
% hydrolysis of LEE. A plot of plasminogen 
concentration versus % hydrolysis yields a 
straight line to at least 30% hydrolysis. Since 
the extent of hydrolysis is dependent upon 
the SK concentration employed for activation 
(Fig. la), the optimal SK concentration is 
determined by titration. The optimal SK 
concentration is used for assay. A typical 
assay plot is shown in Fig. la. One unit of 
LEE esterase is defined as that quantity of 
SK activated plasminogen which effects a 
1% hydrolysis of LEE under the described 
conditions. Activator assay. Although an 
assay has been described(11), the following 
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TABLE If. 
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Comparison of Human Plasma and Purified Plasminogen for Activator, TAME 


Esterase and LEE Esterase. 


— Units/y N —_ Ratio of aetivities——\ 
LEE TAME LEE TAME 
Enzyme source esterase esterase Activator esterase esterase Activator 
Fresh human plasma* (soluble) BOM .08 3 19.5 ne 1st Be 
Khne plasminogen(6) ; further 1.4 We 60 il 2) 43 


purified (soluble) 


* Obtained through the courtesy of Mr. Frank Clarke of these laboratories. 


procedure provides a more quantitative meas- 
urement of the activator of bovine plasmino- 
gen. This assay reflects the ‘“proactivator”’ 
content of human plasminogen. Assays are 
carried out as described under LEE esterase 
assay except that bovine plasminogen, pre- 
pared in pH 6.5 buffer at a concentration of 
4% is added in place of the 0.5 ml of pH 6.5 
buffer. Since the incorporation of bovine 
plasminogen in the test system permits the 
use of lower concentrations of human plas- 
minogen, hydrolysis of LEE resulting from 
plasminogen activator or human plasmin is 
negligible(11). The optimal SK concentra- 
tion for maximal activation is determined for 
each human plasminogen fraction (Fig. 1b). 
It should be pointed out that in the system 
used for the assay of activator, there is ap- 
proximately 10 times the amount of protein 
that is present in the LEE esterase assay. 
In the establishment of the optimal SK con- 
centration (Fig. 1b) it has not been deter- 
mined whether the indicated inhibition oc- 
curring at high SK concentrations is real or 
artifact. A plot of plasminogen versus % hy- 
drolysis (Fig. 1b) is linear when the extent 
of hydrolysis does not exceed approximately 
15%. A unit of activator is that quantity of 
SK activated human plasminogen, which re- 
sults in 1% hydrolysis of LEE, under the con- 
ditions of the assay. Tosyl arginine methyl 
esterase assay. The method described by 
Troll et al.(5), employing formaldehyde in 
the titration of tosyl arginine was used to de- 
termine plasmin activity. However, a pH 
meter was employed for measuring the end- 
point of the titration. One unit of plasmin is 
defined as that quantity of plasmin which re- 
sults in 1% hydrolysis of TAME after 30 
minutes, under the conditions of the assay. 
Results. Comparison of human plasma and 


purified human plasminogen by activator, 
LEE esterase and TAME esterase assay. 
Preliminary purification experiments(7) were 
carried out using plasminogen of placental 
and blood origin, in an attempt to separate 
proactivator from plasminogen. It became 
apparent that an increase in purity of pro- 
activator resulted in a corresponding increase 
in purity of plasminogen. Accordingly, plas- 
minogen prepared by Kline’s procedure(7) 
was further purified? to yield a fraction sol- 
uble between pH 2-11. This fraction was 
compared with a sample of fresh human 
plasma for activator, LEE and TAME ester- 
ase activity (Table I). The ratio of LEE es- 
terase: TAME esterase:activator was almost 
identical for both fractions. 

Comparison of LEE esterase and activator 
activity during autocatalytic conversion of 
plasminogen to plasmin. A fraction of hu- 
man plasminogen? was dissolved in pH 7.6— 
0.1 M phosphate buffer at a concentration of 
0.71 mg N/ml, preserved with merthiolate, 
mixed with an equal volume of glycerine’ 
and placed in a 37° water bath. During a 
2 week incubation period, aliquots were as- 
sayed by activator and LEE esterase assay. 
In addition, aliquots were tested by LEE es- 
terase and activator assay with SK omitted, 
so that autocatalytic plasmin and the effect 
of this plasmin on bovine plasminogen might 
be determined. 

When assayed with SK, the total LEE es- 
terase activity (plasmin -+ activator) was 
relatively constant, while proactivator, as re- 
flected by activator assay, diminished rap- 
idly. In contrast to the decrease in proacti- 
vator, autocatalytic plasmin (LEE esterase 
assay—without SK) activity increased, sug- 


+ Unpublished data. 
§ Personal communication from Dr. S. J. Sherry. 
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FIG. 2. Comparison of LEE esterase and activator 


activity during the autocatalytic conversion of 
plasminogen ——> plasmin. @ Lee esterase assay 
(SK) represents total LEE activity (plasmin + 
activator); © Activator assay (SK) reflects pro- 
activator content; xX LEE esterase assay (with- 
out SK) represents autocatalytic plasmin only; 
A Activator assay (without SK) reflects activator 
content in absence of SK, 


gesting that either plasmin brings about the 
destruction of proactivator or plasmin is 
formed from proactivator. 

Under the conditions of this experiment, 
plasmin did not activate bovine plasminogen 
(activator assay—without SK). 

Stability of proactivator and plasminogen. 
Troll e¢ al.(5,6) demonstrated a marked dif- 
ference in stability of proactivator and plas- 
minogen to heat as measured by TAME es- 
terase and LEE esterase assays. 

In view of the solubility characteristics of 
plasminogen, it became apparent to us that 
the stability of plasminogen and the insta- 
bility of proactivator to heat might be re- 
lated to solubility. Plasminogen preparations 
are generally more soluble at pH 9, the pH of 
the TAME esterase assay, than at pH 6.4, 
the pH of the LEE esterase and activator as- 
says. 

Fraction III was suspended in 0.85% so- 
dium chloride at 6.25 mg N/ml stirred for %4 
hour, adjusted to pH 7 and centrifuged. The 
opalescent supernatant fluid was incubated at 
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50° and at intervals aliquots were removed 
for LEE esterase, TAME esterase and acti- 
vator assays. The results (Fig. 3a) show 
the same stability of proactivator and plas- 
minogen by activator and LEE esterase as- 
say; however, a greater stability of plasmino- 
gen was apparent by TAME esterase assay. 
This would be expected if plasminogen is 
more soluble in the TAME esterase assay 
than in the other assays. 


Stability of proactivator and plasminogen 
in a soluble plasminogen fraction. Since the 
above experiment suggested a relationship be- 
tween solubility and apparent stability of 
plasminogen, a soluble fraction was prepared. 
To a sulfuric acid extract(8) of Fraction III 
was added 3% sodium chloride. The pH was 
adjusted to 6.4 and the precipitate that 
formed was removed by centrifugation. Fifty 
ml of this soluble fraction, containing 0.27 
mg N/ml was incubated at 50°. The solution 
became increasingly turbid during the incu- 
bation period. At intervals, aliquots were re- 
moved and added to an equal volume of pH 
6.5 buffer. Before carrying out TAME es- 
terase and activator assays each aliquot was 
filtered through a No. 2 Whatman paper to 
give a clear solution. 

The data (Fig. 3b) show the stability of 
the precursor of the tosyl arginine esterase 


and the precursor of the activator to be iden- 
tical. 


100 a Ib 
90 
> 6 TAME Esterase 
Ss 
= we Activator 
< 
Se 
Oo LEE Esterase 
a= 160 
=) 
ell mal vs tvs es TAME Esterase 
o (3° 
XN 
0 20 40 60 80 100 0 20 40 60 80 100 
Minutes at 50° 
FIG. 3. (a) Stability of plasminogen at pH 7 as 


measured by synthetic substrate assay systems. 

A TAME esterase assay, pH 9; © LEE esterase 

assay; % Activator assay. (b) Stability of plas- 

minogen at pH 6.4 as measured by TAME esterase 

and activator assays in which all solutions assayed 
were soluble. 
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TABLE IJ. TAME and LEE Assays of Spontan- 


eous Plasmin.*t 


-—TAME assays—, ——LEE assays—\¥ 


Mean % Mean oo 
u/ml yalue plasmin u/ml yalue plasmin 
Sk 180 114 
165 174 126 121 
177 123 
94 61 
NoSK 156 72 
180 164 75 74 
156 75 


* Plasmin prepared from Placental Fr III, by 
Kline’s method(7). 

+ Prepared through the courtesy of Mr. Merle 
Querry of Lederle Laboratories Division, Amer. 
Cyanamid Co. 


Evidence that activator does not hydrolyze 
TAME. We have confirmed the observation 
(6) that activator does not significantly hy- 
drolyze TAME at pH 9. A fraction of plas- 
minogen containing large quantities of spon- 
taneously active plasmin (Table II) was as- 
sayed on TAME and LEE in the presence 
and absence of SK. TAME assays were al- 
most identical with or without SK, but LEE 
assays were higher with SK. This would in- 
dicate that the activator does not significantly 
hydrolyze TAME at pH 9, but manifests a 
specificity for LEE. 

Discussion. The data show that proacti- 
vator and human plasminogen have the same 
heat stability and purification properties. 
Moreover, when the plasminogen content is 
reduced through its autocatalytic conversion 
to plasmin there is also a reduction in pro- 
activator content. These observations indi- 
cate that either proactivator and human plas- 
minogen are closely related or they are a sin- 
gle substance. Purification studies are in 
progress in an attempt to resolve this ques- 
tion. 

Assuming proactivator to be human plas- 
minogen, the following mechanism for the 
activation of bovine plasminogen is indicated: 


human 
(1) SK + plasminogen—> SKX 
(proactivator ) (activator) 
Rapid (2) SKX + bovine plasminogen 


(activator ) enzymatic bovine plasmin 
-—— 


Slow (3) Plasmin + bovine plasminogen 
enzymatie bovine plasmin (12) 
—- 
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Evidence that plasmin is not a proactivator 
was provided by the finding that during the 
autocatalytic conversion of plasminogen to 
plasmin the proactivator content decreases 
(Fig. 2) the opposite of what would be ex- 
pected if plasmin were a proactivator. It has 
been demonstrated(12) that, under the 
proper conditions, plasmin and trypsin acti- 
vate bovine plasminogen; however, this ac- 
tivation is very slow in relation to the activa- 
tion by SK plus human plasminogen. Fur- 
thermore, it is possible that the activator and 
plasmin might synergistically activate bovine 
plasminogen. 

Miillertz and Lassen(4) have reported that 
the inability of SK to activate bovine plas- 
minogen is due to the low proactivator con- 
tent of bovine plasminogen. In view of the 
present evidence, the following possibilities 
must also be considered: (a) bovine plasmin- 
ogen, because of its molecular structure, does 
not readily combine with SK to form acti- 
vator; (b) bovine plasminogen, although 
molecularly the same as human plasminogen, 
is bound at critical centers preventing its 
combining with SK; (c) bovine plasminogen 
preparations contain inhibitors which prevent 
SK from combining with bovine plasminogen 
but do not inhibit activation by the SK hu- 
man plasminogen mixture; or, (d) SK com- 
bines with bovine plasminogen to form an 
SKX complex which is incapable of activat- 
ing bovine plasminogen or does so at a very 
slow rate not observable under our test con- 
ditions. 


Summary. Human plasma and highly puri- 
fied soluble human plasminogen contain the 
same proactivator:plasminogen ratio. The 
difference in apparent stability of plasmino- 
gen and proactivator was traced to the dif- 
ference in solubility as effected by the pH of 
the respective assays. During the autocata- 
lytic conversion of plasminogen to plasmin, 
proactivator content diminishes as plasmin is 
formed. A discussion of these observations is 
presented, wherein it is proposed that human 
plasminogen and the proactivator of bovine 
plasminogen in human plasminogen are the 
same factor. 


The authors wish to express gratitude to Mrs. 
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It is well known that pertussis vaccine in- 
creases susceptibility of mice to histamine(1) 
and to active(2) and passive(3,4) anaphy- 
laxis. It hardly seems likely that the con- 
comitant sensitivity of pertussis-inoculated 
mice to histamine and to anaphylaxis is coin- 
cidental. However, some evidence has been 
presented against the importance of hista- 
mine in mouse anaphylaxis(5). Recently, 
Fink demonstrated that the anaphylactic con- 
traction of isolated mouse uterus is inhibited 
by lysergic acid diethylamide (LSD) and re- 
serpine(5). It was also shown that the egg- 
white sensitized and normal mouse uterus is 
1000 times more sensitive to serotonin than to 
histamine. In view of the aforementioned 
experiments, the sensitivity of pertussis-inocu- 
lated mice to serotonin was determined. 

Materials and methods. Male 20 to 27 g 
Tumblebrook Farm (TF) Swiss Webster 
mice and male 17 to 21 g Swiss Webster mice 
from the National Laboratory Animals Co. 
(NLA) were inoculated i.p. with 0.1 ml of 
Hemophilus pertussis vaccine (48.8 billion 
organisms/ml). Four days later (when the 
peak of histamine sensitivity is known to oc- 
cur) pertussis-inoculated mice as well as un- 
inoculated control animals were challenged 


* This investigation was supported by research 
grant from the National Institutes of Health. 


ip. with various doses of histamine dihydro- 
chloride or serotonin creatinine sulfate. In 
the experiment involving pertussis-inoculated 
and uninoculated NLA mice 5 dosage groups 
containing 8 mice per group were employed 
in determining the LD;» of either histamine 
or serotonin. An exception to this procedure 
occurred in the uninoculated mice challenged 
with histamine, where only 1 group of 8 mice 
was challenged with a single dose of hista- 
mine. Since all animals survived, the LD=o 
was expressed as > the dose injected. In the 
experiment involving pertussis-inoculated and 
uninoculated TF mice 3 dosage groups con- 
sisting of 6 mice per group were utilized in 
each instance in determining the LD; of each 
drug. Total number of animals used in both 
experiments was 200. Deaths were noted for 
a period of 24 hours. Median lethal doses 
were calculated by the method of Litchfield 
and Wilcoxon(6) and are expressed in terms 
of mg/kg of base. 


Results. The data in Table I demonstrate 
that administration of pertussis vaccine 
greatly increases susceptibility of the mouse 
to the lethal effects of both serotonin and his- 
tamine. The LD; 9 and 19/20 confidence 
limits of serotonin were 7.9 (5.4—11.4) mg/ 
kg in pertussis-inoculated TF mice and 364 
(251-528) mg/kg in uninoculated TF ani- 
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TABLE I. LD; of Serotonin and Histamine in Pertussis-Inoculated and Uninoculated Mice. 
=—aeaeaeoenaeaé“_*qo*=a“—ae?s="=ao“—=@»#=*=—=~=0O0sSEO~ODooOmnES See eeeeeS=yl: «x ooo 
LD; and 19/20 confidence limits of: 


Histamine dihydro- 


Serotonin 


Mice chloridet (mg/kg base) creatinine sulfatet* 
Pertussis-inoculated (TF) ROL UAL: ee OR tay 
Uninoculated (TF) 915 (822 -1071 )t 364 (251 -518 )§ 
Pertussis-inoculated (NLA) 8.0( 5.0- 12.9) 12.6( 5.4- 28.4) || 
Uninoculated (NLA) > 620 603 (568 -639 )|| 


* Creatinine itself (1000 mg/kg) was not lethal to pertussis-inoculated or uninoculated mice. 
+t Both materials were dissolved in distilled H,O. 
+ Difference between these values is statistically significant (p — .05). 


§ Idem 
tes 


The LD5 9 and 19/20 confidence limits 
of histamine were 3.0 (2.1 —4.7) mg/kg in 
pertussis-injected TF mice and 915 (822— 
1071) mg/kg in uninoculated TF controls. 
The LDs5 9 and 19/20 confidence limits of 
serotonin were 12.6 (5.4—28.4) mg/kg in 
pertussis-inoculated NLA mice and _ 603 
(568 — 639) mg/kg in uninoculated NLA ani- 
mals. The LD; 9 and 19/20 confidence limits 
of histamine were 8.0 (5.0—12.9) mg/kg in 
pertussis-inoculated NLA mice; the LD;» of 
histamine in uninoculated NLA controls was 
>620 mg/kg. Since no overlapping of the 
confidence limits occurred, the difference be- 
tween the LD;, doses of these drugs in per- 
tussis-inoculated and uninoculated mice can 
be considered significant at the p = .05 level. 


Discussion. It snould be pointed out that 
the pertussis-inoculated mouse is not a gen- 
erally weakened animal more susceptible to 
all sorts of stressor agents(3). Its altered re- 
activity is apparently selective. While it is 
more sensitive than normal mice to lethal 
effects of histamine(1) serotonin, anaphy- 
laxis(3,4) Gram negative vaccines(3) and en- 
dotoxins(7,8) it is no more susceptible than 
normal animals to lethal effects of carba- 
minoylcholine(3), methacholine, epinephrine 
and heat stress(9). It is quite probable that 
both histamine and serotonin are of impor- 
tance in mouse anaphylaxis. It has recently 


mals. 


been demonstrated that edema produced in 
the rat by ovomucoid and other agents which 
damage mast cells is mediated by a combina- 
tion of serotonin and histamine or closely re- 
lated substances(10). 

Summary. Pertussis vaccine — sensitizes 
mice to the lethal effects of serotonin. The 
LD; of serotonin in pertussis-inoculated 
NLA mice was 12.6 mg/kg as compared with 
602 mg/kg in uninoculated NLA controls. 
The LD; of serotonin in pertussis-inoculated 
TF mice was 7.9 mg/kg as compared with 
364 mg/kg in uninoculated TF animals. 
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There are a number of striking similarities 
between the nonspecific inhibitor of hyalur- 
onidase in normal serum (NSI)(1) and some 
components of the properdin system(2). NSI 
is heat labile, protease sensitive and can be 
precipitated quantitatively from a solution of 
low ionic strength at pH 5.2 to 5.5(3). Its 
action on hyaluronidase requires the presence 
of magnesium or cobalt ion(4) and is inhib- 
ited in solutions of high ionic strength(1). 
The biological significance of NSI is un- 
known. It is ineffective against many bac- 
terial enzymes(5) and against those that it in- 
hibits is not as effective im vivo as the specific 
inhibitors in serum(1). On the basis of its 
known properties NSI could possibly be iden- 
tified with properdin or C’l. The work to be 
described was undertaken to test these possi- 
bilities. 

Materials and methods. The methods for 
determination of hyaluronidase and NSI ac- 
tivity and the units (U) for their measure- 
ment have been described(1). Complement 
activity was measured by adding 0.5 ml of 
1.25% sensitized sheep cell suspension to 0.5 
ml saline containing the varying amounts of 
serum to be tested, and determining the ex- 
tent of hemolysis at the end of 30 min. Zy- 
mosan (Nutritional Biochemicals) was _ pre- 
treated as described(6). Human, guinea pig 
or rabbit serum was added to an equal volume 
of zymosan suspension containing .05M_ so- 
dium chloride and .002M magnesium chloride 
and incubated for 90 min. at 37°C. The NSI 
and complement activity of this serum was 
compared with the activity of serum incu- 
bated under identical conditions without zy- 
mosan. Blood samples were taken from rab- 
bits before and after intravenous injection of 
testicular hyaluronidase(7) and tested for 
NSI and complement activity. Blood sam- 


* This investigation was supported by research 
grants from Natl. Heart Inst. and Natl. Inst. for 
Dental Research, N.I.H., P.H.S. 


ples obtained from guinea pigs before and 72 
hr after the injection of bacterial lipopolysac- 
charides were tested for NSI activity. The 
lipopolysaccharides were from the following 
sources: Salmonella typhosa, Serratia mar- 
cescens and Escherichia coli.t 

Results. Zymosan experiments. When se- 
rum is incubated with zymosan under proper 
conditions, properdin, C’3 and possible other 
components of complement are removed(2). 
In 12 experiments at pH ranging from 6.9 to 
7.8 and zymosan concentrations varying from 
2 to 8 mg per ml of serum there was no 
measurable loss in the NSI activity due to 
zymosan. In every instance there was a loss 
of complement activity. Four of these ex- 
periments are presented in Table I. 

Hyaluronidase injection. Under proper 
conditions NSI can be removed from rabbit 
serum in vivo by intravenous injection of tes- 
ticular hyaluronidase(7). Sera of such ani- 
mals taken 30 min after the injection show 
no loss of complement activity as compared 
with samples taken before the injection; the 
NSI activity has usually disappeared com- 
pletely (Table I1). Furthermore, serum used 
in hemolysis of sensitized sheep cells does not 
lose any of its NSI activity. 

Lipopolysaccharide injection. Eighteen 
guinea pigs were injected with bacterial lipo- 
polysaccharides. Each of the 13 animals 
which survived showed a significant increase 
in the NSI titre of its serum 72 hr after in- 
jection. The increases ranged from 12% to 
100% over the control values, with an aver- 
age increase of about 55% (Table III). Ten 
days after the injection the titres were still 
elevated. These increases are highly signifi- 
cant, since in laboratory animals we have 
found no significant change in the serum titre 
of NSI from day to day. The animals that 
died were injected with lipopolysaccharides of 


+ We are indebted to Mr. H. W. Senn of Difco 
Laboratories for the supply of lipopolysaccharides. 
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Effect of Incubation with Zymosan on NSI and Complement Activity of Serum. 


Incubation was for 90 min. at 37°C. 


NSI activity, 
units/ml serum 


laa Complement activity ————, 


ml serum ml serum 


= producing producing 
ein Osenn 100% hemolysis no hemolysis 
p exe : 
mg/ml Without With Without With Without With 
Source of serum pH serum  Zymosan zymosan zymosan zymosan zymosan zymosan 
Rabbit iy 2 120* Ors 05 <.025 .05 
Human i 2 27 29 05 2 al 
ey 6.9 8 27 29 05 \ sil 
Guinea pig 7.2 2 106 106 05 025 


* This activity was measured against the 
others against testicular enzyme. 
S. typhosa and S. marcescens. 

Discussion. The properties of NSI enu- 
merated in the introduction led us to consider 
the possibility that it may be identified with 
properdin or C’l. The experiments with zy- 
mosan show that it cannot be identified with 
properdin and the experiments with hyaluron- 
idase-injected rabbits make it seem highly im- 
probable that it can be identified with C’l. 
On the other hand the increase in the titre of 
NSI following lipopolysaccharide injection 
provides an additional point of similarity be- 
tween NSI and properdin. All the compon- 
ents of the properdin system are not known, 
and it is probable that NSI may yet prove to 
be a component of this system. 

Summary. The non-specific hyaluronidase 
inhibitor of serum (NSI) is not inactivated 
when serum is incubated with zymosan for 
90 min at 37°C. Serum depleted of NSI does 
not lose complement activity. Thus it is un- 


TABLE II. Effect of Depletion of NSI on Com- 

plement Activity of Serum. Rabbits were given 

500 to 1000 U/kg testicular hyaluronidase intrav. ; 

serum samples were taken before and 30 min. after 
injection. 


NSI activity, Complement activity 


units/ml serum ———ml serum producing :——_, 


100% hemolysis No hemolysis 
Before After Before After Before After 

inj. inj. inj. inj. inj. inj. 
42 0 AY 2 <A05 .05 
40 0 2 2 .05 .05 
42 0 Al ail .03 .03 
OM 0 ol oll 04 04 
100 8 4 5 <.02 <.04 
44 OF all sil 04 .04 


* This serum contained 2.5 U/ml hyaluronidase. 


hyaluronidase of Streptococcus mitis #19; all 


TABLE III. Effect of Lipopolysaccharide Injec- 

tion on NSI Activity of Guinea Pig Serum. Injee- 

tions were given intraper. to animals weighing 

about 300 g. Serum samples were taken before 
and 72 hr after injection. 


NSLI activity, units/ml 


Beforeinj. After inj. 


Lipopolysaceharide 


Source Amt, mg 


E. coli 1.0 ialal 125 
1.0 90 160 
8 78 120 
8 80 122 
8 33 66 
8 50 91 
8 74 102 
S. typhosa 1.0 46 92 
At 74 120 
S. marcescens 1.0 100 150 
A 42 54 
a 51 69 
4 


50 76 


likely that NSI is one of the known compon- 
ents of the properdin system. However, in- 
jection of lipopolysaccharides which increase 
the serum titre of properdin increases the 
titre of NSI. 
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This report concerns the results of observa- 
tions made in connection with life span studies 
in mice as affected by various modifications 
of a basal diet. The data on convulsive seiz- 
ures are being described separately because 
it is believed that the results may have special 
interest to other investigators of convulsion 
mechanisms in rodents. The results relating 
to the incidence of other specific diseases 
upon length of life will be reported elsewhere. 

It was observed in studying singly housed 
C;H male mice that convulsive seizures occur 
with significant frequency from 6 months of 
age, without intentional stimulation. The 
seizures are more frequent at the time of /or 
after handling for physical checking, weigh- 
ing and cage changing. The seizures may be 
fatal. The frequency of seizure or the inci- 
dence of convulsive death is related to the 
diet used. Caloric restriction or vit. By. sup- 
plementation was effective in preventing or 
delaying convulsive deaths while a common 
hydrogenated vegetable fat diet was associ- 
ated with a high incidence of fatal convul- 
sions. 

Methods. Exp. 1. Two hundred and 
twenty C;H male mice were selected and sep- 
arated into 11 groups matched as evenly as 
possible for age and weight at weaning. Each 
group contained 20 mice which were main- 
tained under conditions described elsewhere 
(1). All animals were observed unti! natural 
death or sacrifice in terminal illness. Exp. 2. 
To test effects of certain dietary factors upon 
induced and/or “spontaneous” convulsions, 
120 weanling C3H male mice were distributed 
into 6 groups. Three groups were placed on 
lard-containing diets: lard (17%), lard plus 
extra vit. E (30 mg % alpha tocopherol ace- 
tate) and low lard (5%). The other 3 groups 
were fed the corresponding hydrogenated vege- 


* This investigation was supported by grant from 
N.ILH., Public Health Service and Minn. Division of 
Am. Cancer Society. 


table fat (HVF)-containing diet: HVF 
(17%), HVF plus extra vit. E (30 mg % 
alpha tocopherol acetate) and low HVF (5%). 
The animals were treated as in Exp. 1, except 
they were housed 2 per cage. For auditory 
stimulation the procedure described by Hall 
(2) was adopted with slight modification. The 
stimulus was applied bi-weekly from the 15th 
week to the 30th week on experiment. For 
the administration of electric shock the 
method of Gellhorn and Ballin(3) was em- 
ployed, modified by giving the shocks (60 
cycle/sec) at regularly spaced intervals. Sur- 
vivors were sacrificed at 370 to 390 days of 
age. 


Results. The results of Exp. 1, with CsH 
male mice tested on 11 different diets, are 
presented in Table I. It may be noted that 
restriction in calories alone (with normal in- 
take of protein, minerals and vitamins) was 
associated with significant reduction in fre- 
quency of convulsive seizures and the inci- 
dence of convulsive deaths. The group of 
mice restricted both in calories and vit. E 
was similarly affected. The youngest animal 
to show a convulsion was in the group on a 
diet containing HVF instead of lard, the 
mean age at first convulsion noted was 204 
days in contrast to 279 days for the control. 
Ninety per cent of mice fed HVF died from 
convulsions as compared to 55% of those on 
lard. Statistically the difference from con- 
trol is significant at the 5% level. The aver- 
age age at death in the group on the HVF 
diet was significantly lower than in the con- 
trol group (p<.01), being 302 days for the 
former and 382 days for the latter. The 
earliest death in the group on HVF was at 6 
months while no death was noted before 8 
months in any other group. The percentage 
of animals showing convulsions as well as in- 
cidence of convulsive deaths decreased and 
the age at first seizure was increased by a sup- 
plement of vit. By. in the diet, the mean age 
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TABLE I. Some Dietary Effects on Incidence of Conyulsive Seizure and Conyulsive Death. 


% of mice 
showing 


Avg age at Ist 
convulsion 


% of mice 
dying from 


Avg age at 
convulsive 
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Diets convulsions noted (days) convulsions death (days) 
Basal* 75 278.7 (184-457) 55 382.3 (267-503) 
H-M-W saltt 80 289.5 (185-641) 60 393.9 (270-661) 
Hydrogenated vegetable fat 95 203.8 (118-272) 90 302.2 (185-409) 

(Crisco) . 
Low fat (8% lard) 75 284.0 (193-427) 55 344.5 (236-439) 
Amigel (replaced glucose) 65 249.2 (180-375) 40 334.0 (243-432) 
Fox chow 55 335.3 (185-499) 45 456.1 (318-612) 
1% caloric restriction 15 319.3 (237-397) 15 372.6 (304-457) 
0.5% animal protein factor} 50 387.4 (241-476) 25 399.0 (246-477) 
6 y % vit. By§ 35 410.2 (260-556) 10 459.0 (432-486) 
Without wheat germ oil 55 299.2 (210-442) 30 871.7 (318-442 
Idem, and 14 calorie restriction 5 653.0 0 

* Basal diet: Casein 28.87, glucose 34.02, lard 17.53, Brewer’s yeast 8.25, alfalfa 4.12, salt 


4.12 (modified Jones Foster formula), cod liver oil 2.06, wheat germ oil 1.03. 
+ 7% of a modified Hubbell, Mendel & Wakeman salt mixture. 


¢ B,-Con APF-3+ Pfizer. 
§ General Biochemical, Inc., crystal, U.S.P. 


at first convulsive seizure noted being 410 
days in contrast to 279 days for the control. 
Only 10% of the mice had died from convul- 
sions at a mean age of 459 days in the By» 
group contrasted to 55% at a mean age of 
382 days in the control. This difference is 
highly significant (p<.01). Furthermore, 
the increased age at first attack and the low- 
ering of incidence in the group on a diet with 
Animal Protein Factor could be due to the 
presence of vit. Bi. in that factor. As seen 
in Table I, the incidence of convulsive deaths 
in the group on Fox Chow was also high 
though the age at death was delayed about 2 
months as compared with the control. 

It should be pointed out that the difference 
in number of mice showing seizures or dying 
from convulsion between groups on a diet 
without wheat germ oil and the control is not 
statistically significant. The lower incidence 
of convulsive death in the group on that diet 
is probably due to early death of mice from a 
“heart failure syndrome,” details of which on 
the diets here used have been reported(4). No 
difference has been noted between the groups 
on 2 different salt mixtures, or the group on 
a low fat diet. 

The results of Exp. 2 designed to test sus- 
ceptibility of mice on the different dietary 
fats by use of sound and electrical stimulation 
are summarized in Table II, where the num- 
ber of animals found convulsing upon bi- 
weekly auditory stimulation (from 15th to 


30th week on experiment) is small on all 
diets. However, the incidence of convulsions 
induced by auditory stimulation of mice fed 
on diets containing HVF is higher than in 
those fed diets containing lard. Only one out 
of 60 mice fed diets containing lard while 9 
out of 60 mice fed diets containing HVF show 
audiogenic convulsions. This difference be- 
tween the two groups may be significant (p< 
05). The data do not permit a definite con- 
clusion as to whether the early response to 
auditory stimulation is related to “spontane- 
ous” seizures at a later age. Six out of 10 
mice responding to auditory stimulation show 
“spontaneous” convulsions later. The re- 
maining 4 mice died at an age much earlier 
than that at which any of the “spontaneous” 
convulsions appeared. On the other hand, 
there were 5 mice in the groups on lard diets 
and 11 in the groups on HVF diets showing 
“spontaneous” convulsions, without having 
responded to auditory stimulation at an 
earlier age. As shown in Table II, when 
audiogenic and “spontaneous” convulsions 
are considered together, the difference be- 
tween the lard-fed and HVF-fed groups ap- 
pears less likely to be due to chance (p<.01). 

The results obtained from the measurement 
of the electroshock convulsion threshold at 
the age of 10 months again indicated a lower 
threshold in the HVF-fed groups than in the 
lard-fed groups. The convulsive seizures 
were produced by the electroshock in the 
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TABLE IT. Mice Manifesting ‘‘Spontaneous’’ and/or Audiogenic Convulsions. 


—————— 


Diets (20 mice/egroup) ————_—_— 


Total No. show- 
ing convulsions 
in 3 groups on: 


Lard+ HVEF+ #£Low Low 

Lard HVE extra extra lard HYE Lard yy 

Type (17%) (17%) vit.E* vit-E* (5%) (5% ) diets diets 
Audiogenie 1 3 0 4 0 2 il 9 
““Spontaneous’? 1 5 3 4 2 7 6 16 
Both or either type il 6 3 6 2 8 6 20 


of seizuret 


* 30 mg % alpha-tocopherol acetate. 


+ In some instances the same mouse displayed ‘‘spontaneous’’ and audiogenic convulsions, 
therefore numbers in horizontal column are not the sums of the 2 lines of numbers above them. 


majority of mice on HVF-diets with 20 to 30 
cycles (4/12 - 6/12 sec) while 25 to 35 cycles 
(S/12-7/12 sec) were necessary for the 
groups on lard-diets. The difference of the 
mean electroshock thresholds required to in- 
duce convulsive seizures from the groups on 
HVF-diets (24.2 cycles) and the groups on 
lard-diets (28.5 cycles) is statistically sig- 
nificant (p<.01). The mortality in the for- 
mer is slightly higher (37%) than in the lat- 
ter (22%). All the results suggest that the 
mice on a HVF-diet are more susceptible to 
intentional stimulation of the types used. 


Discussion. These results indicate that the 
dietary regimen exerts an effect on the ‘“‘spon- 
taneous” convulsions in C3;H male mice, al- 
though environmental conditions, such as 
caging, handling and others are determining 
or precipitating factors(1). There is no ex- 
planation as to why the incidence of convul- 
sions is higher on a diet containing hydro- 
genated vegetable fat. Davenport and 
Davenport(5) described a reduction of elec- 
troshock threshold in normal rats fed a diet 
supplemented with extra fat (Crisco). In 
the studies herein reported a quantitative dif- 
ference in fat intake did not influence the 
frequency of “spontaneous” convulsive seiz- 
ures. However, when animals were fed a 
diet containing HVF instead of lard their 
electroshock threshold was reduced. 


The mechanism of caloric restriction alone, 
in protecting against convulsions remains un- 
solved. However, increased resistance to a 
number of diseases or stress has been noted in 
underfed or caloric restricted rats or mice(4, 
6,7). Geyelin(8) reported that fasting re- 
duced the incidence of seizures in epileptic 


patients, and the effect has been ascribed to 
the resulting ketosis. The Davenports(9), on 
the other hand, found a lowering of electro- 
shock threshold by dietary restriction in pyri- 
doxin-deficient rats. 

The low frequency of fatal convulsions or 
convulsive seizures in the group on a diet sup- 
plemented with extra vit. By, indicated fur- 
ther the importance of nutritional factors in 
relation to the convulsive attacks. 

The basal diet contained 25% crude casein. 
During the course of this life-span experiment 
many different batches of casein were used, 
none of which was assayed for By» content. 
Lewis, et al.(10) found that the By. content 
of crude casein was 3 pg/100 g. Excluding 
special materials such as liver, rumen con- 
tents, etc., this value for crude casein com- 
pares well with other natural products such 
as meats, egg yolk and cheese reported by 
these investigators. Collins, et al.(11) found 
little difference in the B,. content of milk 
from different pure breeds of cows. The val- 
ues found for commercial cow’s milk, raw and 
pasteurized, were somewhat lower than for 
the pure breeds studied (raw 3.4; pasteurized 
4.0; pure breeds 6.6 pg/1). 

All groups of mice fed the basal diet ad 
libitum were heavier after 9 weeks of age 
than the group fed commercial fox chow. 
This does not suggest that the basal diet was 
deficient in By. It is also knownt that the 
basal diet is adequate for normal lactation in 
the A mouse. Nevertheless, the possibility re- 
mains that the By. content of unsupple- 
mented basal diet was sub-optimal for the 
C;3H mouse. In addition to the observed de- 


t Unpublished data. 
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creased incidence of convulsions on By» sup- 
plement, this group showed the highest body 
weight of any group (after 15 weeks of age). 
Whether or not the unsupplemented basal 
diet contained the optimal amount of By». for 
our C3H mice cannot be determined from the 
data available to us. 

As seen in the Tables the incidence of 
“spontaneous” convulsive seizures in the first 
group of experimentals is higher than that ob- 
tained from the Exp. 2 regardless of diet. 
This difference may be attributed to the dif- 
ferences in caging. The first experimental 
group of mice was caged singly while the lat- 
ter group was kept two per cage. ° It has been 
reported(1) that when Cz:H male mice are 
housed 2 per cage, the incidence of ‘“spon- 
taneous” seizures was reduced and with 
twenty to a large cage the incidence was negli- 
gibly small. A factor of a “social” nature ap- 
pears to be implicated. 

Summary. 1. The incidence of ‘“spon- 
taneous” convulsions and of convulsive deaths 
in C3H male mice is greatly reduced by cal- 
oric restriction or by supplement of vit. By». 
in the diet fed ad libitum. Substitution of hy- 
drogenated vegetable fat for lard decreased 
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the age of onset of convulsions and increased 
the incidence of convulsive deaths. 2. Studies 
with auditory and electric stimulation appear 
to confirm the existence of a difference be- 
tween the effect of HVF and of lard. 
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There appears to be general agreement 
among investigators of blood clotting that 
thrombin accelerates its own formation from 
prothrombin. However, the specific mode of 
this action of thrombin is, at present, not com- 
pletely resolved. The present work is con- 
cerned with an attempt to show that traces of 
thrombin will accelerate the formation of a 
prothrombin-conversion factor. Inasmuch as 
it has been found that plasma accelerator- 
globulin*(1,2) and probably also other clot- 


* For a different terminology of factors referred to 
in this paper reference is made to Appendix, The 
Coagulation of Blood. Methods of Study. Edited by 
L. M. Tocantins, Grune and Stratton, N. Y., 1955. 


ting factors(2) may be associated with plate- 
lets, a phospholipid preparation from beef 
brain corresponding to the phosphatidyl 
ethanolamine fraction of Folch(3) has been 
used as a substitute for platelets. 

Materials. Antihemophilic Factor (AHF) 
and Plasma Accelerator-Globulin (PAcG): 
The method used for preparation of these 2 
factors was a combination of the procedures 
described by Bidwell(4) and by Lewis and 
Ware(5). BaSO,-treated oxalated bovine 
plasma was diluted 1:20 with distilled water 
and the pH adjusted to 5.5. Precipitate from 
200 ml plasma was dissolved in 90 ml of 
0.9% NaCl (pH 7.0) and the solution ad- 
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justed to a concentration of 10% sodium cit- 
rate by the dropwise addition of a 40% so- 
dium citrate solution. Precipitate and super- 
natant solution were then worked up sepa- 
rately. Antihemophilic factor (AHF); pre- 
cipitate was taken up in 75 ml of 0.9% NaCl 
(pH 7.0), heated for 10 min at 52°C and 
precipitate discarded. Supernatant fluid was 
taken to 0.3 saturation of (NH,4).SO, with 
solid (NH,4)2SO,. Precipitate was dissolved 
in a small amount of 0.9% NaCl (pH 7.0) 
and dialyzed in the cold against 0.9% NaCl 
(pH 7.0). The solution was then lyophilized. 
Plasma accelerator-globulin (PAcG); super- 
natant solution (described above) was brought 
to 25% sodium citrate concentration. Precipi- 
tate was dissolved in 70 ml of cold 0.9% NaCl 
(pH 7.0) and precipitated between 0.33 to 0.5 
saturation of (NH4)2SO,4 by the addition of a 
saturated (NH4).2SO, solution. Precipitate 
was dissolved in a small amount of 0.9% 
NaCl (pH 7.0) and dialyzed in the cold 
against 0.9% NaCl (pH 7.0). This material 
was frozen in small aliquots and used as a 
stock solution. Prothrombin: Prepared ac- 
cording to the procedure described by Surge- 
nor et al.(6). The prothrombin preparation, 
assayed according to the method of Ware and 
Seegers(7), was found to contain 100 units per 
mg of protein. Serum eluate preparation (SE): 
Previously frozen rabbit serum was thawed, 
allowed to stand at room temperature for 24 
hours and 0.1 M sodium oxalate added in the 
ratio of 1 volume to 9 volumes of serum. After 
addition of BaSO, (100 mg/ml) the mixture 
was stirred for 20 min. The BaSO, was collec- 
ted by centrifugation and washed with an 
equal volume of 0.9% sodium chlovide-sodium 
oxalate mixture (9 parts of 0.9% NaCl to 1 
part of 0.1 M sodium oxalate) and then with 
0.9% NaCl. The BaSO, was eluted twice with 
0.1 M sodium citrate equal to 1/10 the original 
volume of serum. The eluates were combined, 
brought to 50% saturation with solid am- 
monium sulfate and kept at 4°C overnight. 
The precipitate was filtered off, collected in a 
small amount of distilled water and dialyzed 
in the cold against distilled water until com- 
pletely free of ammonium sulfate. After cen- 
trifugation the precipitate was extracted with 
0.1% ammonium carbonate, centrifuged and 
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the supernatant solution lyophilized. The 
proconvertin activity of this preparation, de- 
termined according to the method of Owren 
and Aas(8), was found to be 400 units per 
mg. One unit of proconvertin was arbitrarily 
defined as that amount of preparation which 
will give a clotting time equal to that of 0.1 
ml of a 1:50 dilution of normal rabbit plasma 
as assayed by the above method. Thrombin: 
Parke, Davis Topical Thrombin (1% _ solu- 
tion in oxalated 0.9% NaCl) was stirred with 
BaSO, (50 mg/ml) for 20 min at room tem- 
perature. The BaSO, was centrifuged down, 
the decanted supernatant solution adjusted to 
pH 7.2 with 2 N NaOH and taken to 38% 
saturation with solid ammonium sulfate. 
After centrifugation the supernatant solution 
was adjusted to pH 5.2 with 2 N HCl and 
taken to 70% saturation with solid am- 
monium sulfate. The precipitate obtained 
after centrifugation was dissolved in a small 
amount of water and dialyzed against cold 
distilled water until free of ammonium sul- 
fate. The dialysate was centrifuged and the 
supernatant solution stored in small aliquots 
in the frozen state. Thrombin activity was 
equal to 250 u/ml with a protein concentra- 
tion of 3.56 mg/ml. Fibrinogen: Fibrinogen 
was prepared according to the procedure de- 
scribed by Ware e¢ al.(9). The stock solu- 
tion was diluted 1:20 with 0.9% NaCl ad- 
justed to pH 7.0. Final concentration of 
fibrinogen was 0.16%. Phospholipid: Folch’s 
(3) method was used for the preparation of a 
cephalin fraction corresponding to phospha- 
tidyl ethanolamine. 

Methods. The rate of prothrombin conver- 
sion was determined in two ways: A “1I- 
stage” procedure in which the reactants in- 
volved in prothrombin conversion were mixed 
simultaneously, and a ‘“‘2-stage” procedure in 
which certain reactants supposedly involved 
in the formation of a prothrombin-conversion 
factor were preincubated prior to addition of 
the prothrombin preparation. The testing 
procedure consisted of preparing a reaction 
mixture of different factors and measuring 
amount of thrombin formed at various time 
intervals of incubation at 26°C by adding a 
measured amount of the reaction mixture to a 
fibrinogen solution at 37°C. Activity of the 


THROMBIN ON PROTHROMBIN CONVERSION 


reaction mixtures used in this investigation 
was determined by degree of conversion of 
prothrombin to thrombin. One-stage reac- 
tion: The reaction mixture consisted of the 
following: prothrombin 0.2 ml (5 mg/ml), 
serum-eluate 0.2 ml (0.2 mg/ml), phospho- 
lipid 0.05 ml (1 mg/ml), plasma accelerator- 
globulin 0.25 ml (2 mg/ml), antihemophilic 
factor 0.5 ml (0.4 mg/ml), thrombin 0.02 ml 
(5 NIH units), and 0.125 M CaCl, 0.1 ml. 
The final volume was adjusted to 2.70 ml by 
the addition of 0.9% NaCl (pH 7.0); the 
final reaction mixture had a pH of 7.0. At 
various time intervals of incubation at 26°C 
0.1 ml of the reaction mixture was added to 
0.4 ml of fibrinogen at 37°C. When the clot- 
ting times (as obtained by the tilt method) 
were below 15 sec, the 0.1 ml portions of the 
reaction mixture were suitably diluted with 
0.9% saline (pH 7.0) before addition to the 
fibrinogen solution. The recorded clotting 
times were interpreted in terms of National 
Institutes of Health (NIH) Thrombin units 
from a curve prepared with a Standard NIH 
Thrombin preparation.t Two-stage reaction: 
This reaction was carried out with the same 
preparations in identical proportions as de- 
scribed for the 1-stage reaction. However a 
preliminary reaction was allowed to take 
place by first incubating serum-eluate, phos- 
pholipid, plasma accelerator-globulin, anti- 
hemophilic factor, and CaCl» in the absence 
or presence of thrombin for 10 min at 26°C 
before adding the prothrombin. After addi- 
tion of prothrombin the generation of throm- 
bin at 26°C was followed in the same man- 
ner as described above for the l-stage re- 
action. 


Results. The results reported here are av- 
erage values of at least 8 separate experi- 
ments. Variation in any given series of ex- 
periments never exceeded 10%. Though the 
results reported are for a period of only 15 
minutes, experimental measurements were re- 
corded for a period of 60 minutes. It was 
found that the percent conversion reached a 
maximum within 15 minutes and remained 
constant throughout the 60 minute period. A 


+ Kindly supplied by Biologics Control Labora- 
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FIG. 1. Influence of thrombin on rate of prothrom- 
bin conversion (one-stage). A = Complete reac- 
tion mixture without thrombin. A’ = Complete 
reaction mixture with thrombin. B = Reaction 
mixture minus AHF without thrombin. B’ — Re- 
action mixture minus AHF with thrombin. C = 
Reaction mixture minus PAeG without thrombin. 
OC’ = Reaction mixture minus PAcG with thrombin. 


reaction mixture containing serum-eluate, 
phospholipid, CaCl, and prothrombin yielded 
only traces of thrombin. However, if PAcG 
is added to the above reaction mixture (Fig. 
1 curve B) an average of 71% of the pro- 
thrombin present is converted to thrombin. 
If in place of PAcG, AHF is added to the re- 
action mixture (Fig. 1 curve C), again only 
about 77% of the prothrombin is converted 
to thrombin. It is not until AHF and PAcG 
are present together in the reaction mixture 
containing serum-eluate, phospholipid, CaCl. 
and prothrombin (Fig. 1 curve A), that com- 
plete conversion of prothrombin to thrombin 
takes place. 

It will be noticed in Fig. 1 that in each of 
the reactions there is a definite lag period 
during which there is no detectable conver- 
sion of prothrombin to thrombin. However, 
after a definite period of time has elapsed and 
thrombin formation has started, conversion 
of prothrombin takes place quite rapidly. It 
can also be seen (Fig. 1) that addition of 
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thrombin (5 NIH units) to either one of the 
reaction mixtures decreases this lag period. 
In the complete reaction mixture, the lag 
period is almost entirely eliminated. It was 
found that addition of thrombin did not re- 
duce the lag period or enhance conversion of 
prothrombin in the reaction mixture contain- 
ing only serum-eluate, phospholipid, CaCly 
and prothrombin. It would seem, therefore, 
that thrombin affects the activity of PAcG 
and AHF. Fig. 1 also shows that addition of 
thrombin caused a faster conversion of pro- 
thrombin to thrombin but did not increase 
amount of thrombin formed. 


Since the activities of the PAcG and AHF 
preparations seemed to be alike in this test 
reaction, and since the effect of thrombin on 
each of these preparations appeared to be 
similar, varying concentrations of both fac- 
tors were used in the reaction mixture. If 
both preparations were one and the saine fac- 
tor, doubling the concentration of one factor 
in the absence of the other should have in- 
creased degree of prothrombin conversion. It 
was found that degree as well as rate of con- 
version of prothrombin to thrombin remained 
the same when the amount of AHF was 
doubled. Similarly, twice the amount of 
PAcG in a reaction mixture containing no 
AHF did not increase extent or rate of con- 
version of prothrombin. This would indicate 
that AHF and PAcG preparations employed 
in these studies are different agents and that 
both factors must be present in the reaction 
mixture to attain complete conversion of pro- 
thrombin to thrombin. 


If rate of prothrombin conversion obtained 
in a 1-stage procedure using a complete reac- 
tion mixture minus thrombin is compared 
with rate of prothrombin conversion in a 2- 
stage procedure using the same agents (Fig. 2 
curves A and B), it may be seen that preincu- 
bation of serum-eluate, AHF, PAcG, phospho- 
lipid and CaCl, shortened the lag phase. 
These results seem to indicate that incubation 
of phospholipid, AHF, PAcG, serum-eluate 
and calcium ions yields a prothrombin-con- 
version factor. In the absence of phospho- 
lipid or of serum-eluate there was found to 
be no formation of a prothrombin-conversion 
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FIG. 2. Influence of thrombin on the formation of 
prothrombin conversion factor (two-stage). A = 
2-stage, complete reaction mixture without throm- 


bin. A’ = 2-stage, complete reaction mixture with 
thrombin. B= 1-stage, complete reaction mixture 
without thrombin. B’ = 1-stage, complete reaction 


mixture with thrombin. 


factor. The activity of the serum-eluate 
preparation may be due to the presence of 
plasma thromboplastin component* or of 
proconvertin* or of both. 

It is interesting to note that the lag period 
(Fig. 2) was greatly shortened in the 1-stage 
reaction containing all the reactants includ- 
ing thrombin and in the 2-stage reaction con- 
taining a complete reaction mixture with or 
without thrombin. It might seem from in- 
spection of the curves A and A’ of Fig. 2 that 
the 2-stage reaction mixture in the presence 
of thrombin produced the prothrombin-con- 
version factor at a faster rate than did the 
2-stage reaction mixture without thrombin. 
However, the difference was too small to al- 
low any definite conclusions. 

Discussion. The results on rate of pro- 
thrombin conversion in a 1-stage procedure 
(Fig. 1) seem to indicate that action of PAcG 
as well as that of AHF is enhanced by traces 
of thrombin. These observations support the 
finding of Seegers and his associates(10) dem- 
onstrating the importance of traces of throm- 
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bin on rate and completeness of prothrombin 
conversion under various experimental con- 
ditions in a 1-stage reaction procedure. They 
expressed the opinion that thrombin con- 
verted PAcG in the reaction mixture to the 
more active serum accelerator-globulin. Ac- 
cording to Lanchantin and Ware(11) throm- 
bin has a specific proteolytic effect on plasma 
accelerator-globulin which is associated with 
a significant increase in accelerator-globulin 
activity. The above results are also in agree- 
ment with the assumption of Quick and his 
associates(12) that thrombin activates throm- 
boplastinogen (AHF). As can be seen from 
Fig. 1, traces of thrombin shortened the lag 
period of prothrombin conversion. It appears 
that once a certain amount of thrombin 
(either added as such or formed during the 
reaction) is present, the conversion of pro- 
thrombin to thrombin proceeds at a compara- 
tively rapid rate. 

From the data presented here, it appears 
that thrombin will accelerate formation of the 
prothrombin-conversion factor. Fig. 1 and 
2 illustrate that the slopes of the curves are 
the same in the absence or presence of throm- 
bin. This indicates that rate of prothrombin 
conversion is the same in all cases. The ef- 
fect of thrombin was to shorten the lag period 
of the start of thrombin formation. This lag 
period seems to be a function of rate of for- 
mation of the prothrombin-conversion factor. 
In the presence of thrombin the rate of for- 
mation of the prothrombin-conversion factor 
becomes accelerated. Once sufficient pro- 
thrombin-conversion factor is formed, the 
conversion of prothrombin to thrombin takes 
place quite rapidly. Inasmuch as traces of 
thrombin will apparently accelerate formation 
of a prothrombin-conversion factor, a proper 
evaluation of a thromboplastin generation test 
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should take into account the possible presence 
of trace amounts of thrombin derived from 
prothrombin in the serum employed. 


Summary. Both antihemophilic factor and 
plasma accelerator-globulin are necessary to 
obtain complete conversion of prothrombin 
in the presence of a BaSOy,-eluate preparation 
from serum, phospholipid-thromboplastin and 
CaCl». In the presence of traces of thrombin 
conversion of prothrombin to thrombin be- 
comes greatly accelerated. Results indicate 
that thrombin greatly accelerates formation 
of a prothrombin-conversion factor. This in- 
fluence of thrombin appears to be mediated 
through its activating effect on plasma accel- 
erator-globulin and, perhaps, also on the 
antihemophilic factor. 
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Information that sympathomimetic drugs 
are analgesic has been accumulating for more 
than 50 years. Thirteen earlier reports (be- 
ginning in 1904) of clinical and laboratory 
experiences were cited by Ivy, ef al.(1), when 
they confirmed Weber’s(2) observation that 
epinephrine given intracarotidly conferred 
profound analgesia without alteration of 
other conscious behavior. Ivy used dogs, 
Weber used cats. Epinephrine, ephedrine, 
and amphetamine were employed in the sev- 
eral studies referred to. More recently, addi- 
tional evidence has accrued. Leimdorfer(3) 
produced profound clinical analgesia by in- 
traspinal administration of epinephrine. Am- 
phetamine potentiation of morphine analgesia 
has been reported by Goetzl and Burrill in 
animals(4) and man(5). That amphetamine 
alone can elevate the pain threshold has been 
reported by Burrill, Goetzl, and Ivy(6) and 
by Harris and Worley(7). Physiologically 
occurring epinephrine may participate in the 
production of analgesia by certain established 
compounds (like morphine). Friend and 
Harris(8) and Gross, e¢ al.(9), found abla- 
tion of adrenal medullae to reduce the anal- 
gesic potency of said compounds. Exactly 
what “analgesia” may be remains a mystery. 
That the pain experience is a complex and 
variable combination of perception and inter- 
pretation seems to be a general observation 
acceptable to most algesimetricians and clini- 
cians. This is reflected in their reports that 
some “analgesics” do not reduce the pain sen- 
sation but make it more tolerable to the pa- 
tient or render him indifferent to the pain, 
z.€., patient “suffering” is reduced while the 
perceptual experience persists. Such a 
mechanism of “analgesia” has been attributed 
frequently to the opiates and to the sym- 
pathomimetics. Evidently, indifference to 
pain is thought to be favored by narcosis 
and/or analepsis—an easily enough formu- 
lated hypothesis but one not particularly 


tenable. Analgesia with narcotics is en- 
hanced by the addition of analeptic sym- 
pathomimetics(5) and the addition of bar- 
biturates to sympathomimetic analeptic anal- 
gesics does not diminish their analgesic effec- 
tiveness(7). An amphetamine compound 
which is analgesic but not stimulating might 
further disassociate analepsis from analgesia, 
as well as providing certain clinical conven- 
iences. According to reports from the manu- 
facturers’ laboratories, xylopropamine  sul- 
fatet (1-(3,4-Dimethylpheny]) -2-Aminopro- 
pane) is one-third to one-fifth as stimulating 
as dextro-amphetamine. Thus, evaluation of 
its analgesic properties seemed appropriate. 


Method. Each of 8 male human volunteers 
served for 4 experiments, in which the thresh- 
old to experimentally induced pain was de- 
termined at intervals before and after oral 
medication according to the method of Har- 
ris and Blockus(10). Medications were: A. 
placebo, B. 5 mg xylopropamine sulfate, C. 
a “dry-run” in which no capsule was taken, 
and D. 10 mg xylopropamine sulfate. All 
capsules were prepared to look alike and were 
taken with water at least 4 hours postpran- 
dial. Medication sequence was according to 
a “latin-square” design so that each treat- 
ment was the first for 2 subjects, second for 
2 subjects, etc. Stimuli were square waves of 
one millisecond duration automatically gen- 
erated every 0.5 second. Intensity of the 
stimulus was slowly increased in one millivolt 
steps until the subject signaled that he felt 
pain. The process was then immediately re- 
peated. Both values, so obtained, were re- 
corded. The stimulus sites were metal restor- 
ations in vital teeth. Only “Class I” fillings 
(in the occlusal plane with no overlap beyond 
the crown of the tooth) were used. The same 
site was always used in each man’s mouth. 
Before placing the electrode against the “‘fill- 
ing,” the surface was carefully dried with 
ethyl alcohol, cotton rolls being inserted on 
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TABLE I. Average Increments in Millivolts of 
Pain Thresholds after Placebo, ‘‘Dry-run’’, 5 mg 
and 10 mg Oral Doses of Xylopropamine. 


Min. after Xylopropamine 
medica- 
tion Placebo ‘‘Dry-run’?’ 5mg 10mg 
30 15.6 —142.0 — 68.5 -72.5 
60 —314.4 = (Sel) —192.5 109.4 
90 =269.1 —292.5 -214.4 105.6 
120 3.8 —367.5 — 43.1 168.1 
150 —206.2 —416.2 = IL) Bxee0) 
180 


—267.0 —395.0 6 437.0 


the labial border of the site. It is imperative 
that the surface of the tooth be dry to pre- 
vent dissipation of current around the pulp 
rather than through it. The indifferent elec- 
trode from the stimulator is placed in a 
beaker of saline solution with one of the sub- 
ject’s hands. Jntervals were 30, 15 and 1 min- 
utes prior to ingestion of drugs and 30, 60, 
90, 120, 150, and 180 minutes after. The in- 
terval between experimental sessions was 
never less than 48 hours. Bias was controlled 
by “triple blind” discipline. Except for the 
“dry-run,” neither operator nor subjects knew 
medication identities until the entire study 
was completed. Which subject was which 
was unknown to the director of the study. 
This control was achieved by labeling in ad- 
vance 4 small envelopes for each subject with 
his number in a Roman numeral (Subject I) 
and the experiment number in an Arabic 
(Exp. 1). These 32 envelopes were filled 
according to the protocol and stapled shut. 
This process was checked 3 times for accur- 
acy. To confirm proper chronology of treat- 
ment, when an envelope was opened by a 
subject, it was returned to the operator who 
stamped the date on it. To be assured 
against the need for emergency identification 
of a medicament, it is standard practice in 
this laboratory to provide the operator with 
an opaque, sealed envelope containing the 
code. Appropriate antidotes or other emer- 
gency materials are always immediately avail- 
able. 


Results. The average value of each in- 
dividual dial reading in the raw data was con- 
verted to millivolts from the calibration curve 
of the stimulator and recorded on a master 
table for each medication. These data, in 
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turn, were simplified further by recording the 
post-medication increments from the average 
of the second and third premedication thresh- 
olds, and then recorded in Table I as average 
increments in millivolts per treatment and 
interval. 

Whether or not the differences evident in 
Table I are real cannot be determined with 
confidence by inspection. Accordingly, the 
increment data from which Table I was de- 
rived were subjected to analyses of variance. 

In Table II is the summary of such an 
analysis on the entire data. Though there is 
no significant difference between the incre- 
ments following dry-run, placebo and a 5 mg 
dose of xylopropamine sulfate, the increments 
following these 3 treatments are significantly 
inferior (P<0.05) to the increments follow- 
ing 10 mg doses of xylopropamine sulfate. 
It is to be pointed out that such an analysis 
actually compares the average increments 
throughout the entire postmedication period, 
even though it is quite evident that no effects 
really appear until more than one hour after 
medication. 

To make the analysis more sensitive, an 
analysis of variance was performed on the 
same data by observation intervals. From 
the results of these analyses (Table III) it 
may be seen that the same conclusions as 
above pertain to the 150 and 180 minute 
postmedication intervals. A moot question 
thus far in algesimetry is whether to express 
threshold changes as absolute increments or 
as percent of premedication — thresholds. 
Therefore, these data have been reevaluated 


TABLE II. Summary of Analysis of Variance. 


Degrees set ELA) 
Source freedom Mean square ratio 
Major 
Subjects 7 1053029 1.142 
Treatments 3 2215786 2.403 
(ABC) ( 2) ( 898753) 974 
(ABC) (D) (ab) (5748606) 6.233* 
Subj. treat. 21 922266 
Minor 
Times 5 90899 
x subj. 35 120099 
eee anes: 15 251941 
Seale 105 221390 
IP ZV} 
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TABLE III. Summary of Analyses of Variance by 
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TABLE V. Summary of Analysis of Variance on 


Postmedication Intervals. % Values. 
Interval Degrees Mean “*H”’ Degrees fae 
(min. ) Source freedom square ratio Souree freedom Mean square ratio 
30 Subjects Wf 84541 1.683 Major 
Treatments 3 33244 O61 Subjects 7 625.2650 1.052 
SxT 21 50221 Treatments 3 1591.1029 2.678 
‘( Le 7 «aggre MS 396 (ABC) (2) ( 642.8882) 1.082. 
60 Subjects 7 322723 829 (ABC) (D) (41) (3487.5422) 5 869" 
Treatments 3 260431 .670 pene EES ; oe 
(ABC) (2) (229227) 580 (AB) yee ae 21.5177) ae 
(ABC)(D) (1) (552066) 1.419 (C)(AB)(D) (2) ~— (2875.8955) ‘ 
Sx T 21 389040 Subj. * treat. 21 594.2438 
90 Subjects a 464094 1.607 Minor 
Treatments 3 273992 .949 Intervals 5 142.4264 
(ABC) ( 2) ( 25726) .089 Subj. X int. 35 109.5959 
(ABC)(D) (1). (796251) 2.757 Treats. X int. 15 158.6389 
Sx T 2] 288768 Ss 3< 1 Sel 105 110.9249 
120 Subjects i 258511 1.801 TPG) Ds 
Treatments 3 402522 2.804 
(ABC) (2) (326991) 2.278 
(ABC)(D) (1) (553584) 3.855 were applied to these data and appear sum- 
SxT 21 143566 marized in Tables V and VI. Again, the av- 
150 Subjects 7 382393 595 erage effect of 10 mg of xylopropamine was 
Treatments 3 13950382 2.107 superior (P<0.05) to the average effects of 
(ABC) (2) ( 327201) 509 
(ABC) (D) (1) (3530693) 5.490* the other 3 treatments. When broken down 
Son 21 643164 by intervals, this relationship first appeared 
180 Subjects 7 145170 283 at 90 min. postmedication and_ persisted 
Treatments 3 1081390 2.107 through to the final reading. 
2 325988 .635 : Tees 5 
EAB) (D) e Se. Sete A different partitioning of treatment vari- 
SxT 241 513157 ance was suggested by Table IV. In this 
¥ Pp <05 treatment, effects of A and B (Placebo and 5 
% 05. 


as percentile changes. 

New tables (not appended) were prepared 
so that each original data cell was an expres- 
sion of the increment as a percent of the pre- 
medication threshold. The results of this 
procedure are presented in Table IV, which 
is of somewhat different character than Table 
I with respect to the effects of “dry-run,” 
placebo and 5 mg of xylopropamine. 

The same statistical procedures as above 


TABLE IV. Average Increments in Percent of 
Pain Thresholds after Placebo, ‘‘Dry-run’’, 5 mg 
and 10 mg Oral Doses of Xylopropamine. 


Min. after 


Xylopropamine 
mecdica- 

tion Placebo ‘‘Dry-run’?’ 5mg 10mg 
30 2.26 —1.51 = dhs 28 
60 —1.34 43 =1l pill LAT 
90 — 87 —3.82 = Me ADO 
120 4.91 —6.66 6.14 9.16 
150 3.69 —6.54 GOAN Bl 
180, 80 —7.32 4.47 14.88 


mg xylopropamine) were compared and found 
to be similar at all intervals. However, there 
were statistically significant differences be- 
tween treatments C (dry-run), A and B to- 
gether and D (10 mg xylopropamine) 90 and 
120 minutes after medication. At 150 and 
180 minutes, the probability of coincidence 
causing the differences observed has risen to 
an estimated 0.07. 


Discussion. The findings of this study 
strongly indicate that xylopropamine, in 10 
mg oral dosage, is analgesic. The latency of 
response is reminiscent of experience obtained 
with another sympathomimetic—Daprisal(7). 
A possible explanation of this delay in effect, 
is that by its local vasoconstricting effect, 
the sympathomimetic delays its own absorp- 
tion. Efforts to prove or disprove this hy- 
pothesis have not been made. The present 
evidence demonstrates a similarity of anal- 
getic activity between xylopropamine and 
amphetamine. If the disparity between their 
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TABLE VI. Summary of Analyses of Variance by 
Postmedication Intervals on % Values. 


Interval Degrees Mie ainsi 2 
(nin. ) Source freedom square ratio 
30 Subjects a 20.8341 464 
Treatments 3 19.3750 A382 
Spa 21 44.8773 
60 Subjects 7 260.1349 2.019 
Treatments 3 59.7446 464 
Sin 21 128.8230 
90 Subjects if 187.1359 2.144 
Treatments 3 ORIG shsiarstie 
(ABC) ( 2 ( 30.3779) 848 
(ABC) (D) (Gl) COs O25) moron oat 
(AB) (1) ~( 2.1025) .024 
(C)(AB)(D) ( 2) (488.6231) 5.026* 
Sean 21 87.2780 
120 Subjects 7 228.0122 2.389 
Treatments S 506.7374 5.309* 
(ABC) (2 (398.6667) 4.176* 
(D) (ABC) (1). (722.8788) 7.573* 
(AB) GG G:0393) ee 0.63 
(C)(AB)(D) ( 2) (757.0864) 7.932t 
SNC MN 21 95.4441 
150 =Subjects ff 323.0345 686 
Treatments 3 949.1065 2.018 
(ABC) ( 2) ( 358.2576) .762 
(D) (ABC) (1) (2130.8041) 4.532* 
(AB) (1) ( 22.2548) .047 
(C)(AB)(D) ( 2) (1412.5323) 3.004 
Sd 21 470.2159 
180 Subjects 7 154.0929 .506 
Treatments 3 678.6871 2.227 
(ABC) ( 2) ( 291.1062) .955 
(D) (ABC) ( 1) (1453.8489) 4.771* 
(AB) Cl) © 54.1328) <178 
(C)(AB)(D) ( 2) ( 990.9642) 3.252 
Seal 21 304.7322 
C<an (as de ae 


analeptic effects can be extended to include 
human quantitative evidence, interesting new 
hypotheses on the mechanism of analgesia 
may be formulated: e.g., that sympathomi- 
metic drugs in some way diminish the in- 
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tensity of pain sensations reaching the level 
of perception. 

Summary. 1) A new sympathomimetic 
drug, xylopropamine sulfate  (1-(3,4-Di- 
methylphenyl)-2-Aminopropane), has been 
found capable of elevating the threshold of 
human subjects to experimentally induced 
pain. The method employed was electrical 
stimulation of the tooth pulp. There were 8 
subjects and the experiment was conducted 
under “double blind” discipline. Five and 
10 mg oral doses of xylopropamine were com- 
pared with a placebo and a “dry-run.” The 
average effect of the 10 mg dose was statis- 
tically superior (P<.05) to the effects of the 
other treatments from 90-180 minutes after 
medication. 2) It is provocative that xylo- 
propamine is analgesic but apparently not 
analeptic, while amphetamine is both. It 
suggests that the two effects on the sensorium 
could be independent. 
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Westall’s crystallization of porphobilinogen 
(PBG) from urine of porphyria patients(1) 
has stimulated a number of studies which in- 
dicate that this compound is the basic pyrrole 
unit formed in the biosynthesis of porphyrins 
and of heme compounds. Chemical and other 
studies(2,3) have shown that it is a mono- 
pyrrole containing propionic and acetic acid 
side chains and an amino-methyl group on 
one alpha carbon atom. When heated in 
dilute acid, PBG is readily converted to uro- 
porphyrin(1,2). When incubated with hemo- 
lyzed chicken erythrocytes, coproporphyrin 
and large amounts of protoporphyrin are 
formed, in addition to uroporphyrin as shown 
by Falk et al.(4). Similar results have been 
reported by Bogorad and Granick for PBG 
incubated with broken cell preparations of 
Chlorella(5). 

The present studies were undertaken to 
test the ability of normal rat liver homogenate 
to convert PBG to porphyrin. This was 
deemed of fundamental interest because of 
the previously demonstrated primary role of 
the liver in the genesis of those forms of hu- 
man(6) and experimental(7) porphyria char- 
acterized by the excretion of large amounts 
of PBG. Similar studies employing livers of 
Sedormid-treated rats are reported in the 
companion paper(8). 

Methods. A. Incubated sampies. The 
PBG employed was crystallized by a slight 
modification(9) of Westall’s procedure, from 
urine of patients with acute intermittent por- 
phyria. The livers of 3 to 6 normal adult 
male rats were perfused with saline until the 
returns were nearly colorless. Three ml of 


* Aided by grants from Atomic Energy Commis- 
sion, John and Mary Briggs Porphyria Research 
Fund, and Graduate School of University of Minne- 
sota. Presented in part before the Am. Soc. of Biol. 
Chem., Atlantic City, Apr. 16, 1954, and Ciba Foun- 
dation Symposium on Porphyrin Biosynthesis and 
Metabolism, London, Feb. 1955. 


cooled 0.1 molar phosphate buffer pH 7.4 and 
sufficient penicillin and dihydrostreptomycin 
to yield final concentrations of 500 units and 
500 pg/ml respectively, were added/gram of 
pooled rat liver. This material was homoge- 
nized in Waring blender for 2 minutes. 
Twenty-five ml portions were pipetted into 
separate Erlenmeyer flasks and PBG freshly 
dissolved in 5 ml phosphate buffer was added 
to each. The “O” time porphyrin content of 
the control flask was determined at once, or, 
in some instances, after keeping at -15°C for 
12-48 hours. The other flasks were incubated 
at 37°C for varying periods, as noted below, 
and then kept at —15°C until analyzed. B. 
Analytical procedures. The homogenate was 
poured with constant shaking into 12 volumes 
of a 4:1 mixture of ethyl acetate:glacial 
acetic acid. The flocculant precipitate was 
removed on a medium sintered glass filter, 
and ground three times with small additional 
portions of the ethyl acetate:acetic acid mix- 
ture. (Subsequent extractions of the resid- 
ual precipitate with a 19:1 mixture of me- 
thanol:sulfuric acid revealed that it contained 
only traces of porphyrin.) One-half ml of a 
1% iodine solution in alcohol was added to 
the combined filtrate to convert Ehrlich nega- 
tive (non-PBG) “precursors” to porphyrin 
(10). The total porphyrin was then extracted 
with successive small portions of 3 N hydro- 
chloric acid until no further red fluorescence 
was demonstrated in the extract in ultra- 
violet light. The subsequent fractionation 
and quantitative analysis of the copro- and 
proto-porphyrin was similar to that described 
elsewhere for the erythrocyte porphyrins(11). 
The uroporphyrin present in the combined 
aqueous fractions was adsorbed on a column 
of aluminum oxide and eluted with 1.5 N 
hydrochloric acid for fluorimetric analysis.t 

t Different lots of Al,O3, from the same company 
may differ in their suitability for. this analysis. Each 


lot should therefore be tested with pure uroporphyrin 
for quantitative recovery. 
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As noted in the following, small amounts of 
several other unidentified porphyrins are in- 
cluded in the proto-, copro- or uro- fractions 
as described above. With methods now avail- 
able it is not feasible to attempt complete 
porphyrin fractionation in the routine analy- 
ses. No satisfactory methods are available 
for quantitative estimation of the individual 
non-fluorescing porphyrin precursors which 
(unlike PBG) are converted to porphyrin by 
iodine and/or ultra-violet light(10). The 
following two methods were employed for 
estimating the total amount of these com- 
pounds in aliquots of the primary ethyl ace- 
tate:acetic acid extract: (1) Determination 
of difference in fluorescence intensity of this 
extract before and after addition of iodine 
and exposure to ultra-violet light, and (2) 
determination of fluorescence intensity of 3 
N hydrochloric acid extracts of 2 portions of 
the ethyl acetate, only one of which had been 
treated with iodine. These procedures were 
carried out in a dimly-lit room. For more 
precise analysis of the porphyrins, several of 
the fractions were esterified with methanol: 
sulfuric acid (19:1) and further purified by 
chromatography on calcium carbonate(12). 
The ratio of coproporphyrins I and III was 
studied by a slight modification of the previ- 
ously described fluorescence quenching tech- 
nic(12) and by the paper chromatographic 
method of Chu e¢ al.(13). Copro-, and proto- 
porphyrins were crystallized as methyl esters 
from methyl alcohol. Melting points were 
taken with a Fisher-Johns micro-melting 
point apparatus. The uroporphyrin fraction 
was further analyzed by the paper chroma- 
tographic method of Falk and Benson(14). 
A method later devised for quantitative esti- 
mation of PBG in the liver(8) was not avail- 
able at the time the present studies were 
carried out. Instead, qualitative Ehrlich re- 
actions were observed on 10% acetic acid or 
1% ammonium hydroxide extracts of the 
homogenates. The following method was em- 
ployed to determine the relative activity of 
cell-free versus cell-containing fractions of the 
liver homogenate. From a total of 360 ml, 
four 25 ml portions were incubated for vary- 
ing periods after addition to each of 1.0 mg 
of PBG in 1 ml phosphate buffer pH 7.4. 
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The remaining 260 ml was centrifuged at 
3000 rpm for 20 minutes. 160 ml of opales- 
cent cell-free supernatant solutions were re- 
moved, and the same volume of phosphate 
buffer containing penicillin and dihydro- 
streptomycin was added to the centrifugate. 
The latter was then mixed by homogenizing 
for 30 seconds. 25 ml portions of supernate 
and reconstituted centrifugate were incubated 
with PBG in the same way as described for 
the whole homogenate. 

Results. The conversion of PBG to por- 
phyrins by normal rat liver homogenate has 
been studied in 4 separate experiments. In 
each, considerable amounts of copro- and pro- 
toporphyrin and smaller amounts of uropor- 
phyrin appeared. PBG disappeared progres- 
sively from the samples, being present in 
trace amounts, at 9 hours and absent at 22 
hours. The data from 2 of these studies are 
summarized in Table I. In a third study 
analyses were made only at 0, 3 and 6 hours. 
The 6 hour sample contained 0.4 ng of uro- 
porphyrin, 5.7 »g of coproporphyrin, and 11.6 
ug of protoporphyrin per gram of liver fol- 
lowing addition of 200 pg of PBG/gram of 
liver in the homogenate. 

Activity of whole liver homogenate as com- 
pared with that of the supernatant solution 
and centrifugate may be seen in Table II. It 
is evident that the amounts of porphyrin were 
similar with whole homogenate and superna- 
tant solution. Relatively little conversion to 
copro- and protoporphyrin occurred in the 
centrifugate. As in the previous studies, the 
9 hour uroporphyrin values exceeded the 22 
hour value. 

Evidence was regularly obtained for the 
presence of non-PBG precursors converted to 
porphyrin by iodine and ultra-violet light. 
Measurements of fluorescence intensity of the 
primary ethyl acetate:acetic acid extracts of 
the homogenates and supernates incubated 
for 3 to 9 hours showed 3-fold increases or 
more after the addition of I, and exposure to 
ultra-violet light, the gross fluorescence chang- 
ing from greenish-yellow to orange or bright 
red. No increase was observed in the extracts 
from the similarly treated centrifugates. It 
is thus evident that over half of the total por- 
phyrin was present in precursor form in these 
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TABLE I. Conversion of Porphobilinogen to Porphyrin by Normal Rat Liver Homogenate, 
Neen EEE — 


Total porphyrin recovered (ug/g liver) 


Exp. 2-———— 


7 Exp. 1 Sp 
TIneubation © I 
Give (he ¢¢Uro??* ““Copro??* “Proto” * 9 "tro? 2 *  “Copre ROTO aa. 
0 8 ae 7 2 3.3 8 
5 02 4 19 
1.2 .08 1.25 2.7 
2 25 5.0 5.0 
3 1.25 10.0 6.5 
4 see Mil 7.5 
9 3.0 23 19 2.9 25 16 
22 3 36 34 8 38 58 


0.20 mg porphobilinogen added/g of liver in each series. Control samples incubated sim- 
ilarly without added porphobilinogen all contained less than 0.02 wg of uroporphyrin and 0.06- 
0.15 wg of coproporphyrin/g of liver. Protoporphyrin values in control samples rose progres- 
sively with incubation from 0.06 to 1.2 and from 0.3 to 0.8 ug/g of liver in series 1 and 2 
respectively. Total recovery as porphyrin at 22 hr = 51 and 67% respectively. (Values cor- 
rected for individual molecular weights.) 

* As discussed under Methods, it is recognized that this fractionation does not exclude small 
amounts of other unidentified porphyrins. This also applies to data in Tables II and III. 


homogenates and supernates. (In _ other 
studies, extraction of the homogenate in the 
dark has shown over 90% of the porphyrin 
to be present in the non-fluorescent state.) 

In the 2 instances (Tables I and II) in 
which the significant amounts of copropor- 
phyrin were found in the ‘‘0” time samples, 
most of the porphyrin was present in pre- 
cursor form. This suggests that significant 
conversion of PBG had occurred before the 
sample was deep frozen or during warming to 
room temperatures. 


In addition to control data for liver alone, 
shown in Tables I and II, the incubation of 
0.74 mg of PBG with phosphate buffer and 
antibiotics alone, yielded 3 yg of uroporphy- 
rin at 9 hours and 72 pg at 22 hours. The 
latter value is much larger than any of the 
values noted for incubated homogenate. No 
copro- or protoporphyrin was demonstrated 
in this experiment at any period. Only faint 
traces of porphyrin (less than 0.1 ug total) 
were found even at 22 hours in the control 
samples of diluted rat blood without PBG 


TABLE II. Conversion of Porphobilinogen to Porphyrinogen and Porphyrin by Rat Liver 
Homogenate, Supernatant ‘‘Solution,’’ and Centrifugate. 
Incuba- Fluor. in- » Uros = Copro7. (SS Erote @ 
Sample tion (hr) erease* (%) (ug) > 
Homogenate ‘o, 105 = 2 10 3 
4 127 m3) 63 15 
8 216 19 167 46 
22 45 12 270 105 
Supernate 0 0 4 4 2 
4 79 2 87 28 
8 86 10 159 67 
22 0 4 99 130 
Centrifugate 0 0 all 3) 2 
4 0 1 13 12 
8 0 8 27 29 
22 0 43 42 41 | 
0.2 mg crystalline porphobilinogen added/g of liver, Control uro- and coproporhpyrin yal- | 
ues/g of liver all less than 0.02 yg; control 22 hr protoporphyrin in homogenate = 4 yg and 
1.5 to 1.7 wg in other 22 hr samples. Total recovery as porphyrin in 22 hr homogenate = 52%. 


* Measurement of porphyrinogen content by comparison of red fluorescence in primary 
ethyl acetate: acetic acid extract before and after addition of I, and brief exposure to ultra- 
violet light. 


pense data were presented in somewhat different form at the Ciba Conference, Ref. 15 (p 
Dili}. 
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while in similar samples containing PBG only 
uroporphyrin increased significantly (8 pg 
per mg of added PBG, in 22 hours). 

Porphyrins extracted from individual homo- 
genates incubated with PBG were pooled for 
further analysis in 4 separate batches, de- 
pending upon duration of the incubation pe- 
riod. They were esterified and then purified 
by calcium carbonate chromatography. Chro- 
matography of the ‘“uroporphyrin” fraction 
yielded one major zone, with only a trace of 
a second. The “coproporphyrin” fraction 
yielded from 6 to 8 zones in the 9 to 22 hour 
samples. Coproporphyrin comprised an aver- 
age of 74% (range 63 to 85%) of the total 
of these samples. Six zones were obtained 
from each of the “protoporphyrin” fractions. 
A quantitative fractionation in 2 instances 
revealed that the protoporphyrin comprised 
but 68 to 69% of the total porphyrin. Paper 
chromatographic analyses of the  proto-, 
copro-, and uro- fractions revealed the pres- 
ence of a total of at least 11 different porphy- 
tins, the major components behaving as 
copro- and protoporphyrin. The behavior of 
the other fractions indicated the presence of 
uroporphyrin and of porphyrins with 3, 5, 
6 and 7 carboxyl groups. 

Isomer studies of the total coproporphyrins 
pooled from the various incubations revealed 
75% to be type III at 9 hours and 58% at 
22 hours by the fluorescence quenching tech- 
nic. The major portion in both behaved as 
coproporphyrin III by the Chu method. 

For crystallization, the combined copro- 
porphyrin ester was evaporated to dryness 
and the residue was washed twice with 3 ml 
portions of ether cooled to —15°. The ether 
soluble porphyrin was crystallized from me- 
thyl alcohol, yielding rosettes typical of co- 
proporphyrin III methyl ester, with a melt- 
ing point of 144-145°. Small curved needles 
similar to coproporphyrin I were obtained on 
one occasion from the ether-insoluble residue, 
but the amount was too small for recrystal- 
lization and melting point determination. 
The combined protoporphyrin methyl ester 
was crystallized, m.p. 222°C, (proto-9-methyl 
ester). Analysis of the uroporphyrin by pa- 
per chromatography revealed a predominance 
of type III isomer in samples incubated for 9 
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TABLE III. Conversion of Porphobilinogen to 
Porphyrins in Chicken Red Blood Hemolysate. 


Total porphyrin recovered (ug) 
Uro- Proto- 
porphyrin porphyrin 


Incubation 
time (hr) 


Copro- 
porphyrin 


0 all ol 3 
7.3 82 40 30 
21.0 94 81 45 


25 ml of heparinized chicken blood were lysed 
with 220 ml H.O, and 20 ml of 0.1 M phosphate 
buffer and antibiotics (as for liver homogenates) 
were added. 500 ug porphobilinogen were added 
to each flask containing 20 ml of lysed blood. To- 
tal recovery as porphyrin = 53% in 22 hr sample; 
recovery as copro- plus protoporphyrin = 35%. 


hours, whereas approximately equal amounts 
of types I and III were present in the 22 hour 
samples. 

In a final experiment a study was made of 
the conversion of PBG to porphyrins in 
chicken blood hemolysate. The results are 
summarized in Table III. It will be noted 
that while the total porphyrin recovery com- 
pared well with that obtained with liver 
homogenates, a much higher proportion was 
recovered as uroporphyrin when chicken 
hemolysate was used. Again, significant 
amounts of porphyrin precursors were noted 
in the incubated samples. 

Discussion. The present study shows that 
PBG is readily converted to uro-, copro-, 
proto-, and other unidentified porphyrins by 
normal rat liver homogenate. Some implica- 
tions of this finding will be discussed in 
greater detail in the companion paper(8) and 
elsewhere. Here we will consider only the 
relationship of these studies to the problems 
of heme synthesis. 


Various investigators have postulated the 
biological occurrence of progressive decar- 
boxylation of the 8-carboxyl uroporphyrin via 
the 4-carboxyl coproporphyrin to the 2-car- 
boxyl protoporphyrin. Considerable evidence 
against this concept has been presented by 
one of us(15). The demonstration in the 
present studies of large amounts of precursors 
converted to porphyrin by iodine suggested 
that these presumably reduced porphyrins 
may be the biologically active intermediates in 
heme synthesis. Since completion of these 
studies, reports by Neve and co-workers (16, 
17), Granick(18) and Bashour(19) and col- 


220 PoRPHOBILINOGEN 
laborators have shown that this is indeed the 
case. 

The differing solubility properties of uro- 
and coproporphyrin and their respective por- 
phyrinogens has permitted their separation 
and direct identification. To date this has 
not been possible in the case of protoporphy- 
rin. Evidence for the occurrence of reduced 
protoporphyrin as a metabolic intermediate is 
therefore indirect only, and is derived from 
the fact that in some studies the amount of 
protoporphyrin isolated after addition of io- 
dine exceeded the total amount of porphyrin 
present prior to treatment with iodine. 

Studies have been made of infra-red spec- 
tra and other properties of the various por- 
phyrins isolated from the incubated samples. 
These are being compared with those of por- 
phyrins obtained by the partial decarboxyla- 
tion of uroporphyrins I and III and will be 
reported separately. 


Summary. 1. Crystalline porphobilinogen 
(PBG) incubated with rat liver homogenate 
has been shown to be converted to at least 
11 different porphyrins, the majority of which 
is copro- and protoporphyrin, with a smaller 
proportion of uroporphyrin. The _ total 
amount at 22 hours incubation in each of 3 
experiments was slightly in excess of 50% of 
the PBG added. 2. At least half of the por- 
phyrin in the 3 and 9-hour incubated samples 
were present in a non-fluorescing form. These 
porphyrin precursors were readily converted 
to porphyrin by addition of iodine or ex- 
posure to ultra-violet light. 3. The major 
part of the porphyrins isolated was isomer 
type III. The proportion of type I isomer 
increased with continued incubation. 4. The 
Supernatant suspension obtained by centri- 
fugation at 3000 rpm for 20 minutes was es- 
sentially as active as the whole homogenate, 
in the conversion of PBG to porphyrin. 


INCUBATION 
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chromatographic studies. 
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The companion paper(1) discussed the 
metabolic role of porphobilinogen (PBG) and 
its ready conversion to uro-, copro-, proto-, 
and other porphyrins by normal rat liver 
homogenate. PBG is excreted in large 
amount by patients with acute intermittent 
porphyria and by rats and rabbits with ex- 
perimental porphyria induced by allyl-isopro- 
pyl-acetyl-carbamide (Sedormid)(2). It is 
believed that this abnormality in PBG and 
porphyrin metabolism is related primarily to 
a disturbance in liver metabolism(2,3), and 
there are two possibilities which might ac- 
count for the excessive PBG excretion: (1) 
the liver in these conditions is unable to 
metabolize PBG at the normal rate, or (2) 
the production of PBG is increased beyond 
the capacity of liver to metabolize it. 

To investigate these possibilities, studies 
similar to those previously described for nor- 
mal rat liver(1) were carried out with livers 
of rats treated for various time intervals with 
allyl-isopropyl-acetyl-carbamide.’ A  quan- 
titative procedure was developed for the 
analysis of hepatic PBG and its rate of dis- 
appearance from liver homogenates was 
studied. The incubation data thus obtained 
were correlated with data on the accumula- 
tion of PBG and porphyrin in the livers of 
treated animals as described below. 

Material and methods. Adult male rats 
were fed allyl-isopropyl-acetyl-carbamide at 
100 mg/day as described previously(2). Ac- 
tual measured intake in individual rats aver- 
aged from 70 to 100 mg/day. Preparation of 
homogenates and methods employed for 
quantitative analysis of porphyrins have been 


* Aided by grants from the Atomic Energy Com- 
mission. 
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§ We are indebted to Hoffmann-LaRoche, Inc., 
Nutley, N. J. for generous supply of this material. 


described(1). The homogenates were incu- 
bated without shaking unless noted otherwise. 
Because the volumes of liver homogenate em- 
ployed in the different studies varied from 7 
to 25 ml, the data are reported in terms of 
ug PBG or porphyrin/g of liver in the homo- 
genate. 

(1) Quantitative determination of PBG in 
vat liver homogenate. Various preliminary 
procedures employing dilute acetic, citric, or 
hydrochloric acids, ammonia and sodium hy- 
droxide were discarded because of turbidity 
obtained on subsequent addition of Ehrlich’s 
reagent with or without sodium acetate, or 
because of poor recovery. The following pro- 
cedure, however, yielded clear solutions with 
reproducible recovery of added PBG.|| Five 
ml of 7.5% trichloracetic acid were added to 
2.5 ml of liver homogenate to yield a final 
concentration of 5% trichloracetic acid. The 
well mixed suspension was shaken for several 
minutes and centrifuged. To 2.5 ml of super- 
natant solution were then added 7.5 ml of 
Ehrlich’s reagent prepared as recommended 
by Valquist(4).1. The absorption of this 
solution was determined with an Evelyn col- 
orimeter employing a 565 my filter. Because 
the color is somewhat unstable, the maximum 
absorption reading, obtained within 1 minute, 
was used in all cases for quantitative analysis. 

In two series of recovery experiments solu- 
tions of different batches of PBG crystals 
were added to different liver homogenates, ex- 
tracted with trichloracetic acid, and analyzed 
as described above. Results are shown in A 
Fig. 1. Curve B was obtained by diluting 
solutions of PBG directly with 5% trichlor- 


|| The possible use of such a method was discussed 
by one of us (S.S.) with Dr. Robert Aldrich, Uni- 
versity of Oregon, in the summer of 1953. His re- 
sults with a similar procedure are in general agree- 
ment with those reported here (personal communica- 
tion). 

{20 g p-dimethylaminobenzaldehyde dissolved in 
500 ml conc. HCl plus 500 ml H,O. 


80 1 a 
O——0O PoRPHOBILINOGEN ADDED TO 
LIVER HOMOGENATE 


*— PorpHoBiLinoGceN 
ANALYZED OIRECTLY 


20 


LORIMETER READING % Trans. 


) 


( 


& 


10 0.3 — Oe 


0.2 0.3 OS 
PORPHOBILINOGEN Ms./100ml. 
FIG. 1. Colorimetric estimation of porphobilino- 
gen. A: Porphobilinogen added to homogenate of 
normal liver. B: Porphobilinogen added to 5% 
trichloracetie acid and analyzed directly. Read- 
ings taken with Evelyn Colorimeter, employing a 
565 my filter. 


0.1 


acetic acid (without liver homogenate) prior 
to addition to Ehrlich’s reagent. A consistent 
difference was found between the 2 curves at 
concentration levels tested. The reason for 
this has not been established. Curve A was 
employed for the analyses reported herein. 

(2) Estimation of hepatic PBG in rats 
treated with allyl-isopropyl-acetyl-carbamide. 
Groups of 3-5 rats were fed allyl-isopropyl- 
acetyl-carbamide for periods up to 13 days. 
As shown in Table I no detectable PBG was 
present during the first 3 days. In general, 
increased amounts were found from the fifth 
to thirteenth days though values varied con- 
siderably in individual rats. 

(3) Fate of PBG incubated with homoge- 
nates of livers from normal and from “‘por- 
phyric” rats. a. Disappearance of PBG. 
Groups of 5 rats each were fed allyl-isopro- 


TABLE I. Concentration of Liver Porphobilino- 
gen in Rats Fed Allyl-Isopropyl-Acetyl-Carbamide. 


Feeding Porphobilinogen, ng/g 
period, 

days Range Mean 

0 d= 0 0 

2 = 0 

3 = @ 0 

5 115 

6 98 

7 —1 89 

10 12-234 122 

13 . 22 


*5 rat livers pooled for assay. 3 to 5 individual 
livers analyzed at other time intervals. 
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FIG. 2 (top). Disappearance of porphobilinogen 
from incubated liver homogenates from normal 
rats. Numerator = total yg of porphobilinogen 
disappearing from homogenate/g of liver during 
20 hr incubation; denominator = wg of porpho- 
bilinogen added to homogenate/g of liver at 0 
time. 


FIG. 3 (bottom). Disappearance of porphobil- 
inogen from incubated liver homogenates from 
Sedormid-treated rats. Homogenates incubated 
both with (*) and without (**) added porphobil- 
inogen, Ratios again refer to wg porphobilinogen 
bapagae nets in 20 hr/ug present at 0 time/g of 
iver. 
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TABLE II. Porphyrin Content of Liver Homogenates Incubated with Porphobilinogen. 


Porphyrin, ug/g 


Sedormid Porpho- Incubation period 
feeding bilinogen, 6 hr 13 hr 21hr 
(days) pg /g* er: Gis (Qp ce eee) Ca fice? “oO+P” O22 ‘eo-+ Pp* 
0 Mil 9 33 + 29 13 14 
0 185 ff 17 26 45 9 20 
0 383 4 20 23 24 34 27 
2 173 7 27 1 29 1 14 
5* 115 = 25 6 19 
13* 227 $) 29 13 33 iy 16 
13 382 8 27 16 21 23 19 


* Porphobilinogen content of unincubated sample; solution of crystalline porphobilinogen 


added to all homogenates prior to incubation except for 5- 


CU ee 


uroporphyrin fraction. 


pyl-acetyl-carbamide for 2, 5 and 13 days 
respectively. The livers from each group 
were combined for homogenization. The 
homogenates were incubated for various pe- 
riods to 20 hours both with and without 
added PBG. With each group of treated 
rats, combined livers from 4 control untreated 
rats were analyzed similarly. In addition, 
varying amounts of PBG were added to 4 
aliquots of the combined homogenate of a 
fourth group of normal rats. Data sum- 
marizing the decrease in PBG concentration 
of incubated homogenates of normal and 
Sedormid-treated rats are shown in Fig. 2 
and 3. The same amount of PBG disap- 
peared from the homogenate/g of liver during 
the first 6 hours, regardless of the initial PBG 
concentration. At this time interval 60 to 91 
ug (average 73 pg) disappeared/g of liver in 
the 7 studies employing normal rats, while 
the corresponding values for Sedormid-treated 
rat livers ranged from 70 to 90 pg (average 
81 pg). 

Porphyrin analyses of several of the homo- 
genates described in Fig. 2 and 3 are sum- 
marized in Table II. These data, too, indi- 
cate similar patterns of porphyrin accumula- 
tion in liver homogenates of normal(1) and 
Sedormid-treated rats; essentially similar 
concentrations of porphyrin were found dur- 
ing the first 6 hours in each sample. In most 
instances the recovered copro-plus protopor- 
phyrin decreased in amount between 13th and 
21st hours. In possible contrast to uropor- 
phyrin(5), the latter porphyrins require en- 
zymatic activity for formation from PBG and 
their presence is therefore especially sig- 


and 13-day fed rats. 


**C + P’’—copro- + protoporphyrin fraction. 


nificant. In agreement with the data re- 
ported in the companion paper, the major 
fraction of coproporphyrin behaved as the 
type III isomer on paper chromatographic 
analysis. After 25 hours incubation the uro- 
porphyrin behaved chiefly as type I isomer. 

In a final experiment, the effect of increased 
aeration on porphyrin content of incubated 
homogenates was investigated. Constant 
shaking resulted in the finding of increased 
amounts of uro-type porphyrin associated 
with a marked reduction in recovery of por- 
phyrin in the coproporphyrin fraction. Shak- 
ing had no significant effect on the rate of 
porphobilinogen disappearance in at least 2 
of the 3 studies. The data at 12 and 20 
hours are summarized in Table III. 

Discussion. It is evident that, under the 
conditions employed, the liver of Sedormid- 
treated rat is able to metabolize PBG at least 
as readily as the normal rat liver. The pro- 
duction of porphyrin from PBG was likewise 
similar in both. It would therefore appear 
that the excessive amounts of PBG in the 
liver and urine of these animals depends 
simply on an overproduction. 

The nature of the primary abnormality in 
Sedormid-treated animals remains uncertain. 
Labbe and co-workers(6) have postulated a 
block in conversion of delta amino levulinic 
acid to purine metabolites(7), with resulting 
overproduction of pyrrol compounds. If this 
mechanism is significant it must involve only 
certain specific purines since we have found 
no significant alteration in concentration of 
ribo- or desoxyribonucleic acids in livers of 
Sedormid-treated rats, though there is a sig- 
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TABLE ILI. Effect of Aeration on Porphyrin Content of Liver Homogenates Incubated with 
Porphobilinogen. 
Porphyrin, ug/g 
Sedormid Porphobilinogen, Incubation period 
feeding ug/g 12 hr — r 20 hr ———, 
(days) Sample* 0 timet 12 hr Uro Copro Proto Uro Copro Proto 
Ot A mali 33 1 20 25 8 1 25 
B 3 41 yy 0.4 23 21 2 3 
6 A 98 16 5 22 40 8 2 51 
B - 15 24 0 36 17 0 34 
64 A 211 114 14 14 29 17 4 59 
B ¥ 78 20 0 37 33 
Livers of 6 normal rats and 6 Sedormid-treated rats pooled. 
* Sample A, no shaking. Sample B, continuous shaking. 
+ Porphobilinogen cone. in unincubated sample. 
+ Solution of crystalline porphobilinogen added to homogenate. 
nificant decrease in concentration of total or- Summary. Liver homogenates of rats 


ganic acid soluble phosphorus. It is also not 
clear how such a concept would explain the 
rapid decrease in liver catalase(8) and ac- 
cumulation of large amounts of green porphy- 
rins as recently described(9), the latter found 
within a few hours after feeding Sedormid or 
administering allyl-isopropyl-acetamide intra- 
peritoneally to rats. 

If the increased production of PBG is in- 
timately related to or is the primary defect 
in (Sedormid) porphyria, one might expect 
to detect this phenomenon during the first few 
hours after Sedormid feeding. Thus far this 
has not been possible. Such detection would 
now seem to require either more sensitive 
analytical technics, or isotopic studies to de- 
termine the size of the hepatic PBG “pool.” 
Meanwhile, the delayed appearance of PBG 
in liver and urine after Sedormid feeding, is 
consistent with either of the following con- 
cepts: (1) Production of PBG in the early 
period may actually be increased, but only to 
levels which can be completely metabolized, 
or (2) the increase in PBG production may 
occur only after several days as a secondary 
compensatory phenomenon, being stimulated 
by decreasing concentration of catalase and 
perhaps of other heme enzymes. This situa- 
tion would be analogous to the stimulated 
synthesis of hemoglobin which follows exces- 
sive blood loss. 


treated with allyl-isopropyl-acetyl-carbamide 
(Sedormid) converted PBG to porphyrin at 
approximately the same rate as homogenates 
of normal rat liver. It is concluded that the 
excess PBG in the liver and urine of the “‘por- 
phyric”’ rats is due to overproduction and 
not to a block in its further metabolism. 


We are indebted to Dr. C. J. Watson and Miss 
Irene Bossenmaier for the crystalline PBG used, and 
to Dr. Marie Berg for paper chromatographic analy- 
sis of the partially purified porphyrins. 
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Assays for various serum enzymes, such as 
transaminase(1) and aldolase(2) have been 
utilized to detect hepatocellular necrosis or 
damage. These enzymes, however, are pres- 
ent in all tissues, and gross alterations in their 
serum activities are not specific for liver dam- 
age. Since arginase is present in significant 
quantity only in liver(3), we have explored 
the usefulness of measuring activity of this 
enzyme in normal sera and in the sera of pa- 
tients with liver disease. 

Method. Blood samples are collected in 
unoxalated tubes and the serum separated 
and frozen until assay. One part of serum 
(usually 2 ml) is mixed with 2 parts satur- 
ated ammonium sulfate (pH 9) and centri- 
fuged at 4000 x g for 15 minutes at O°C. 
The supernatant fluid is discarded. The pro- 
tein precipitate is taken up in saline and the 
ammonium sulfate precipitation repeated. 
This procedure removes the bulk of the urea 
present in the serum. ‘The assay for arginase 
is carried out routinely by incubating in cen- 
trifuge tubes at 38°C for 30 minutes the twice 
ammonium sulfate precipitated proteins of 
the serum (usually the equivalent of 1 ml of 
serum) with the following components in a 
final volume of 2 ml: 0.5 ml of 0.2 M maleate 
buffer at pH 7.0(4) (containing 0.05 M 
MnCl.) and 0.5 ml of 1.14 M L-arginine, ad- 
justed to pH 9.4. The pH of the final mix- 
ture is 9.0. A blank without serum is in- 
cluded as well as blanks without arginine for 
the estimation of endogenous urea. Activity 
is proportional to enzyme concentration pro- 
vided that no more than 1% of the substrate 
has been utilized(4). The reaction mixture 
is deproteinized by the addition of 2 ml of 
1 M HCl1O,. The tubes are centrifuged at 


* This project was supported in part by grants 
from Life Insurance Medical Research Fund and 
Kansas Heart Assn. 

t Trainee, Nat. Inst. of Arthritis and Metabolism. 

t Established Investigator, Amer. Heart Assn. 


2000 x g for 10 minutes and aliquots of the 
protein-free supernatant fluid are analyzed for 
urea by the method of Archibald(5) with the 
following modifications: Aliquots containing 
no more than 1 pmole of urea (usually 2 ml) 
are made up to 5 ml and 2 ml of a 3 to 1 mix- 
ture H,SO,4-H;PO, mixture (technical H2SO,4 
should be used—presumably due to the re- 
quirement for trace metals(6,7)) and 0.4 ml 
of isonitrosopropriophenone (4% in ethanol) 
are added. The contents are mixed, the tubes 
capped with rubber stoppers fitted with capil- 
lary tubes, and heated in a covered, boiling 
water bath for one hour. After cooling in the 
dark (the color is light sensitive and should 
be protected from direct sunlight), a reading 
at 540 mp is obtained. Since color develop- 
ment deviates from Beer’s Law, a calibration 
curve is necessary. 

Results. Table I records the mean and 
standard deviation of the arginase activity 
obtained in sera of 34 healthy blood donors. 
Table II records the values obtained in pa- 
tients with liver damage. Values are re- 
corded in pmoles of urea per ml serum per 30 
minutes incubation at 38°C. 

Discussion. Removal of the urea normally 
present in the serum by ammonium sulfate 
precipitation is not complete but the resi- 
duum is small. That control tubes should be 
run is emphasized by inspection of the experi- 
ment with serum from a patient with high 
blood urea level (Case No. 17; blood urea 
210 mg %) which would have given errone- 
ous results without control tubes. It is ap- 
parent from the tables that there is consider- 
able variation in the blank values. Whether 
this is due to intrinsic variations in these 


TABLE I. Serum Arginase Determinations in 34 
Healthy Blood Donors. 


Wi ==———$— Ninel — 5 
“a © age Control tube Assay tube 2-1 
29 5 28.5 10 =2.07 14+.16 .06+.09 
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TABLE II. Serum Arginase Determinations in 19 Patients with Liver Disease. 
uM urea 
Control Assay ; 
No Age Sex tube tube 2-1 Diagnosis 
; 1 19 r) 00 12 12 Infectious hepatitis 
2 40 3 00 Oe! 1.98 Laennec’s cirrhosis$ 
3 40 A 18 1.02 84 Idem § 
4 52 4 20 89 69 32 
5 35 Q ug 19 06 2 ” 
6 35* Q 00 1.20 1.20 é § 
7 35t Q .00 1.36 1.36 < § 
8 47 Q 03 39 36 f 
9 38 ce) 42 1.56 1.14 a 
(10) 33 9 5s) 02 .00 2 4 2) 
11 19 3 24 10 00 Serum hepatitis$ 
12 50 Q 2, 65 Oo Post-necrotic cirrhosis 
3 50 Q 06 2.38 2.32 Idem 
14 45 fe) 09 6.47 6.08 Cardiae cirrhosis 
15 45 fe) 45 5.95 5.90 Idem 
16 45 2 42 3.08 2.66 se 
(17) 61 3 85 1.09 24 Hepatomas 
18 48 g .28 43 15 Fatty infiltration 
19 38 Q 24 20 00 Hepatic coma (etiology ?) 
Mean 22+ .23 1.56 1.36 
* Simultaneous peripheral vein sample. t Hepatic vein wedge sample. ¢ Recovery 
phase. § Confirmed by autopsy or biopsy. 


samples, as for example higher endogenous 
urea or to other chromogenic materials which 
are occluded during the ammonium sulfate 
precipitation, is not known. 

Case No. 10 represents a patient with clini- 
cally suspected liver disease which was not 
confirmed by laboratory studies. The ar- 
ginase activity was zero in this case. 

Assay of ornithine formation has not 
proved technically feasible for routine assay. 

Summary. Serum arginase activity has 
been determined in 34 healthy blood donors. 
A mean value 0.06 + 0.09 pmole urea 
formed/ml serum was found with a range of 
00 to 0.36 wmole. In sera of 19 patients 
with proven or suspected liver disease the 
mean arginase activity was 1.36 with a range 
of .00 to 6.08 »moles formed/ml serum under 
the condition of assay. 


We wish to thank Dr. Mahlon Delp for helpful 
discussion and for access to the clinical material. 
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(23174) 


A. W. NEFF AND J. T. CoRRELL 


(Introduced by M. H. Kuizenga) 


Department of Biochemistry, Research Division, The Upjohn Co., Kalamazoo, Mich. 


Skelton and Guillebeau(1-3) have reported 
that rats subjected to right nephrectomy, 
right adrenalectomy and left adrenal enuclea- 
tion, demonstrated regeneration of adrenal 
tissue accompanied by hypertension and char- 
acteristic lesions. In this laboratory female 
rats so prepared (henceforth referred to as 
NAE-rats) yielded results similar to those 
reported. However, when a group of male 
rats was prepared in the same manner only 
3 of 31 became hypertensive after 9 weeks of 
observation. The average systolic blood pres- 
sure was 125 mm Hg, ranging from 102 to 
164 mm Hg, whereas, females averaged 148 
mm Hg, ranging from 140 to 160 mm Hg. 
Control values averaged around 110 mm Hg. 
Correspondingly heart weights of the hyper- 
tensive females were significantly greater than 
those of the males. Even more significant 
was the observation that the hypertensive fe- 
males had regenerated nearly 3 times more 
adrenal tissue than the normotensive males. 

This suggested that sex hormones might 
be involved, either directly or indirectly, in 
adrenal regeneration accompanied by hyper- 
tension. Failure to elicit a blood pressure 
rise in male rats was possibly due to an in- 
hibiting effect of androgens. To explore this 
possibility, 3 approaches were made. First, 
NAE-female rats were treated with testoster- 
one to determine whether the male hormone 
might suppress regeneration of the adrenal 
and hence the subsequent development of hy- 
pertension. Second, NAE-hypertensive fe- 
male rats were ovariectomized and then given 
daily injections of testosterone propionate. 
This study was designed to ascertain if an 
established hypertension could be reversed by 
radical treatment, 7.e., a minimum of estrogen 
plus an excess of androgen. Third, NAE- 
males were castrated to reduce endogenous 
testosterone. 

Materials and methods. Rats from the 
Upjohn colony (Wistar strain), 4 weeks old, 


weighing 60-65 g were caged individually and 
maintained on an adequate stock diet and 1% 
sodium chloride solution ad libitum. Begin- 
ning at the ninth week and at weekly inter- 
vals thereafter, systolic blood pressures were 
determined using a photoelectric tensometer 
(4). Following extensive observations among 
normal and DCA-hypertensive rats it has 
been the practice in this laboratory to con- 
sider pressures above 140 mm Hg as hyper- 
tensive. All the animals were sacrificed at 
17 weeks of age, necropsied, various organs 
weighed, and the adrenal glands saved for 
histologic study. The experimental groups 
were as follows: Group I. 10 female rats 
as untreated unoperated controls. Group II. 
10 NAE-female rats were prepared. Starting 
immediately post-operatively, testosterone 
propionate (TP) at a dose of 100 pg/rat/day 
was administered subcutaneously. Six weeks 
post-operatively the dose was increased to 
200 pg. Group III. Eighteen NAE-female 
rats were prepared. Eight weeks post-oper- 
atively, when hypertension had developed, 
this group was divided so that the 2 sub- 
groups of 9 rats each had the same average 
blood pressure. One sub-group served as hy- 
pertensive controls, the other constituted 
Group IV. Group IV. Nine hypertensive 
rats from Group [II were ovariectomized and 
injected subcutaneously with 200 pg of TP/ 
rat/day. Group V. Fifteen males were cas- 
trated 3 days before NAE treatment. Group 
VI. Five males castrated only and carried 
as controls. Group VII. Fifteen NAE-male 
rats were prepared. Group VIII. Five male 
rats were maintained as unoperated controls. 

Results. Average systolic blood pressure 
values over the 13 week experimental period 
for each group are presented graphically in 
Fig. 1. In agreement with previous experi- 
ments and published reports(1,2), it was 
found that NAE-female rats (Group III) de- 
veloped high blood pressure as compared to 
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SEx AND ADRENAL REGENERATION HYPERTENSION 


TABLE I. Terminal Data on NAE-Prepared Rats Subjected to Various Treatments. 


Final blood 

Group No. of Deseription pressure Body wt Heart Adrenal 

No. rats of treatment (mm He) (g) -—(mg/100 g body wt) 
I 10 Unoperated 9 controls 106 + 2 239 — 6* 315 + 4 AYO ee « 
inh 10 NAE- 9+TP 123 + 3 281 4 329 +10 (bete) Gare 
III 9 NAE- 9? 150 + 3 246 + 8 Biss 16.7 +1.0 
IW 8 NAE-@? + ovariectomy 129 +2 260+ 5 SOU ENT 12.6 1.0 

+ TP 

W 15 Castrated + NAE- g 1443 301+ 6 281 + 6 6.5 + 43 
VI 5 Castrated ¢@ controls 109 + 2 332 +13 263 + 8 10.6 + .7t 
VII 15 NAE- ¢ 12443 385 + 6 Ose © aS of 
VEO 5 Unoperated ¢ controls IO Sey 391 +14 258 + 2 10.4+ .3t 


* Stand. error of the mean. 


t Both adrenals. 


TP — Testosterone propionate. NAHE — Right nephrectomy, right adrenalectomy and left 


adrenal enucleation. 


intact female controls (Group I). In con- 
trast, NAE-male rats (Group VII) had sig- 
nificantly (P<0.01) lower blood pressures 
throughout the experimental period than 
those of the NAE-females (Group III) and 
only slightly greater than those of the con- 
trols (Groups I and VIII). 


From the data presented in Table I, it was 
seen that heart weights generally correlated 
with terminal blood pressure values. Ter- 
minal adrenal weights confirmed the previous 
observation that those NAE-rats which de- 
veloped higher blood pressures also demon- 
strated the most regeneration of adrenal tis- 
sue. Thus, the NAE-female rats (Group III) 
had single adrenals which weighed nearly as 
much as both adrenals from the intact females 
(Group I). With either the NAE-males 
(Group VII) or the castrated NAE-males 
(Group V) there appeared to be some adrenal 
regeneration as the single adrenals had ter- 
minal weights equal to about half of the 
weights of 2 adrenals from the controls 
(Groups VIII and VI). Histologic examin- 
ation indicated that limited regeneration had 
taken place, largely, in the zona fasciculata. 
Blood pressure increases in these groups 
(Groups V and VII) were correspondingly 
slight. 

Daily administration of testosterone pro- 
pionate to NAE-female rats (Fig. 1, Group 
II) had a moderating effect on development 
of higher blood pressures for 5-6 weeks post- 
operatively at which time the pressure dif- 
ferences of treated and untreated rats became 
insignificant. Upon increasing the dose of 


TP 2-fold the systolic blood pressure of the 
treated group was again depressed signifi- 
cantly (P<0.01) below the untreated group 
(Group III) for the duration of the experi- 
ment. The smaller average heart weight 
(Table I) of the TP-treated rats (Group II) 
confirmed the blood pressure observations; 
regeneration of adrenal tissue was found to be 
less than half that of the untreated NAE- 
females (Group III). 

NAE-females which had become hyperten- 
sive and then subjected to ovariectomy plus 
daily TP administration for 30 days (Group 
IV), demonstrated a significant fall in blood 
pressure (Fig. 1). Other data for this group 


(Table I) revealed that terminal adrenal 
weight was statistically smaller than that of 
1607 
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FIG. 1. Systolic blood pressure of NAH-male and 


female rats. 


METHOD FOR ISOLATING CHORIOALLANTOIC EPITHELIUM 


the untreated controls (Group III) (P< 
0.01); the enlarged, hypertensive heart had 
not regressed significantly. 

Discussion. Testosterone treatment ac- 
companied with ovariectomy not only re- 
versed an established hypertension of NAE- 
female rats but also appeared to cause a re- 
gression of adrenal mass (Group IV), since, 
at the time treatment was initiated, the 
adrenals of Groups III and IV were presum- 
ably equal and close to maximal size. It has 
been reported(5) that testosterone provoked 
adrenal atrophy when administered to female 
rats under other experimental conditions. 
However, reduction of endogenous testoster- 
one by castration of NAE-male rats did not 
produce high blood pressure even though all 
NAE-males showed some adrenal regenera- 
tion. It is possible this phenomenon is de- 
pendent upon the presence of an adequate 
concentration of estrogens. Estrogens have 
been reported to produce adrenal hypertrophy 
(6) and hypertension in rats(7,8). The re- 
sponse of the castrated NAE-male rat to 
exogenous estrogen is being investigated. 

Summary. Evidence has been presented 
that NAE-female rats but not NAE-males 
demonstrated adrenal regeneration accom- 
panied with hypertension. Testosterone ad- 
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ministered to NAE-female rats inhibited re- 
generation of the enucleated adrenal and de- 
velopment of hypertension. Testosterone 
caused a reduction in the blood pressure of 
ovariectomized, hypertensive NAE-female 
rats. Castration was not effective in promot- 
ing adrenal regeneration or hypertension in 
the male rat. 
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A Method of Isolating Normal and Fowlpox Infected Chorioallantoic 
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In this laboratory we are concerned with 
an investigation of certain chemical changes 
which appear to be induced in chorioallantoic 
epithelium infected with fowlpox virus. Good- 
pasture(1) has shown that in fowlpox infec- 
tion the hyperplastic ectoderm contains nu- 
merous large inclusions, that to a lesser de- 
gree the entoderm is involved as well, and 
that there is accompanying thickening of the 
mesoderm. It would be very desirable to ob- 
tain infected epithelium in quantity without 


* Supported in part by U.S.P.H.S. Grant. 


inclusion of mesodermal elements which may 
tend to obscure the results. 

Procedure. Three different batches each 
consisting of 3-6 dozen embryonated hen eggs 
were inoculated with fowlpox on the chorioal- 
lantoic membranes by the Goodpasture meth- 
od(2) and incubated for 5 days at 37°C. A 
comparable number of uninoculated control 
eggs were incubated under the same condi- 
tions. Infected and control membranes were 
collected aseptically in cold physiological 
saline and refrigerated for several hours until 
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FIG. 1. Unstained wet mount of epithelium of in- 
feeted chorioallantoie membrane. The dark masses 
represent intracytoplasmic inclusions. The tissue 
was teased flat wrth some tearing, freeing indi- 
vidual inclusions and minute fragments. 120 X. 


ready for use. Ten to 15 membranes at a 
time were shaken by hand in 10 ml of cold 
saline with glass beads in a 125 ml rubber 
stoppered flask for approximately 30-120 
seconds. Preliminary experiments indicated 
that 30 to 60 seconds were adequate for in- 
fected tissue whereas normal tissue required 
longer agitation. The suspension was de- 
canted from the membranes and like prepara- 
tions were pooled and further diluted with 
cold saline and allowed to sediment by grav- 
ity for 30 minutes to 1 hour. Small fragments 
rapidly settled out, leaving red cells and de- 
bris in suspension. This was aspirated and 
fresh saline added. This procedure was re- 
peated and the tissue washed 8 to 10 times 
until the supernatant was crystal clear. Small 
aliquots were withdrawn for microscopic ex- 
amination and the remainder centrifuged for 
10 minutes at 10,000 rpm in a Servall Angle 
Centrifuge. The resulting firm pale grey bot- 
tom material was frozen and _ lyophilized. 
Representative samples of the shaken mem- 
branes were fixed in formalin for subsequent 
histological examination. Several normal 
and infected membranes were included for 
comparison and are referred to as control tis- 
sue. 

Results. Microscopic examination of the 
clean sedimented material from the infected 
membranes revealed numerous _ epithelial 
fragments varying in size from 0.1 to 2 mm. 
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Red cells were rare and no mesoderm was 
identified. After study of the fixed and 
stained control membranes several general- 
izations as to origin of the epithelium appear 
justified and are consistent with recorded 
data(1). Many of the fragments were com- 
posed of cells containing typical intracyto- 
plasmic inclusions, characteristic of fowlpox 
(Fig. 1), and appeared ectodermal in origin. 
Other pieces of tissue, though hyperplastic, 
contained few or no inclusions and were prob- 
ably derived from the entodermal layer. 
Study of hemotoxylin and eosin stained 
shaken membranes showed the entoderm to 
be stripped free in many instances, but pres- 
ent in others, whereas the ectodermal layer 
was uniformly denuded. 

Examination of sediment prepared from 
normal membranes revealed numerous small 
fragments of epithelium of mixed ectodermal 
and entodermal origin, and hemotoxylin and 
eosin slides of the parent membranes showed 
considerable desquamation of both cell layers. 

Comparison of the lyophilized materials 
from infected and normal sources consistently 
revealed that a bulkier and heavier pellet was 
obtained from the infected membranes. For 
example, the epithelium obtained from 72 in- 
fected eggs weighed 366.7 mg in contrast to 
77.9 mg derived from 42 normal eggs. The 
yield is understandably quite variable since 
the primary purpose is purity of the prepara- 
tion. 

Discussion, Putnam(3) has pointed out 
the difficulties attendant on determining 
chemical changes in tissues infected by 
viruses because of inflammation and cellular 
degradation. Our results have shown that 
the infected tissue in which the specific le- 
sions are numerous can be separated from the 
mesoderm. ‘This separation is clearly an ad- 
vantage when chemical determinations are 
contemplated. The technic described pos- 
sibly has other uses, as preliminary experi- 
ments have shown that the small epithelial 
clumps are suitable for tissue culture. 

Summary. A method is described for iso- 
lating chorioallantoic epithelium from normal 
and fowlpox infected embryonated hen eggs. 
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Effect of Acute Liver Damage Plus Hypoxia on Plasma Erythropoietin 


Content. 


(23176) 
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The factors which regulate erythropoiesis 
are gradually being elucidated. That a cir- 
culating humoral factor in the plasma is im- 
portant in stimulating red cell production un- 
der many circumstances is gaining increasing 
acceptance(1-6). This material has been 
demonstrated in the plasma from  experi- 
mental animals and humans with anemias of 
several different etiologies(7,8), and from 
several animal species(9-11). A consistent 
finding has been that the plasma from ani- 
mals made anemic with phenylhydrazine was 
more active in stimulating erythropoiesis 
than the plasma from bled animals(12-14). 
Some have maintained that degree of anemia 
was the important factor here, a more severe 
anemia being produced by phenylhydrazine 
administration than could be produced by 
bleeding, with survival of the animal. Re- 
cently the observation has been made that 
this enhanced erythropoietic activity of 
plasma from phenylhydrazine-anemic animals 
is in some way related to liver damage(15). 

The present study is a further effort to 
clarify the status of the liver as a controlling 
influence on the presence and titer of erythro- 
poietic factor in the plasma. During the past 
year and one-half efforts have been made to 
demonstrate EPF* in the plasma of normal 
rats placed in chambers and subjected to at- 
mospheres of 8-12% oxygen for varying pe- 
riods of time. These results were uniformly 
negative. At no time were we able to dem- 
onstrate any ability of the plasma from these 
rats kept in this low oxygen atmosphere to 
stimulate increased Fe? uptake in recipient 


hypophysectomized or normal rats. It was 
postulated that perhaps if acute liver damage 
were induced prior to placing the animals in 
the chamber an erythropoietic factor might 
then be demonstrable in their plasma. This 
proved to be the case and the results are here 
reported. 

Materials and methods. ‘The chambers 
were constructed of plexiglass. Into each 
chamber was directed a mixture of nitrogen 
and oxygen, the proportions of which, along 
with ambient pressure, determined the simu- 
lated altitude. The flow of nitrogen and 
oxygen was regulated by a rotameter type of 
flowmetert and remained quite constant over 
the experimental period. The chamber Os: 
concentration was checked by reading of the 
oxygen and nitrogen flowmeters and also by 
a portable Beckman Oximeter. Random air 
samples were also taken from the chamber in 
a Douglous bag and checked with a mass 
spectrograph for Os, Ns and COs. Good 
agreement in results was obtained. A flow of 
approximately 5 liters/minute was main- 
tained through the chamber and soda lime and 
sulfuric acid were placed to minimize COs 
and humidity levels. 

Ten to 15 normal rats were placed in each 
chamber and kept there for periods ranging 
from 48 hours to 5 days. Food (Purina 
Laboratory Chow) and water were replaced 
as necessary. At the end of the experi- 
mental period the rats were removed, 
bled from the dorsal aorta and the plas- 
ma frozen and stored. A final hematocrit 
was done on each animal and no animal with 


* Refers to plasma erythropoietic factor. 
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TABLE I. Normal and Hypophysectomized Rats 

that Received Plasma from Hypoxie Animals on 2 

Consecutive Days, 1 pe Fe® on Day 3, and 24-Hour 
Fe® Uptake on Day 4. 


Recipient ceplasma 24-hr uptake 
No. rats rats per day (%) + 5.0 

NP 5 Hypox 2 120+ 4.62 
CP 5 2 16.6 = 9.54 
NP 6 2 6.0+ 4.53 
(Cie? 3 2 34+ 1.99 
NP 5 2 Uae ee 
CP 4 2 11.4 + 10.98 
NP 6 2 2.4.+ 2.35 
CP 5 2 26 -= 1.80 
NP 6 Normal ( 53.0+ 8.40 
CP 6 6 50.6 + 4.98 
NPt 10 4 62.6 —& 14.52 
CP 9 4 64.6 + 10.07 
NET 4 6 48.0 + 10.14 
CP 6 6 52.0 + 3.88 


* NP = Normal plasma; CP = Chamber plasma. 

+ Fe given on same day as last inj. of plasma. 

The ‘‘t’’ test of significance for differences be- 
tween means was applied to all exp. and control 
groups and no significant differences existed. 


hematocrit below 40 was used as a source of 
plasma. Acute liver damage was produced 
in rats by injecting .25 cc CCl, subcutane- 
ously just once. These rats were placed im- 
mediately in the chamber and left there for 
48 hours in an atmosphere of approximately 
10% oxygen. They were then withdrawn, 
exsanguinated from the dorsal aorta and the 
plasma frozen and stored until used. A final 
hematocrit was done on each animal and no 
animal with hematocrit below 40 was used as 
a source of plasma. 

Recipient animals were Sprague-Dawley 
rats hypophysectomized between the ages of 
2 and 3 months and used as test animals ap- 
proximately 40 days after hypophysectomy. 
They received 2 cc of plasma I.V. via the 
jugular vein on 2 successive days. On day 3 
approximately 1 pc Fe? was given I.V. via 
femoral vein. Both the experimental and 
control groups were then split in half. Half 
of each group received Fe? 3 hours after the 
last plasma injection and an 18-hour uptake 
was done the following day (day 3). The 
other half received Fe°® 24 hours after their 
last plasma injection, and a 24-hour uptake 
was done 24 hours thereafter (day 4). 

Results. When normal rats were placed in 
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low oxygen atmosphere (8 to 12%) for pe- 
riods of either 48 hours or 5 days, we could 
demonstrate no significant stimulating effect 
of their plasma in either normal or hypophy- 
sectomized recipient animals (Table I). How- 
ever, when acute liver damage? was induced 
with CCl, and the animal then placed at the 
same altitude as the normals for 48 hours, 
their plasma possessed distinct stimulating 
properties (Tables II and III). It is ap- 
parent by comparison of Table II with Table 
III that more clearcut differences in hypophy- 
sectomized recipients were obtained when 
Fe*® was given at a later period after the last 
plasma injection and a 24-hour uptake then 
carried out. 


Discussion. The present results suggest 
that the normal liver inhibits the ability of 
the normal rat in a hypoxic atmosphere to 
deliver to or elaborate in its plasma a factor 
capable of stimulating an increased Fe? up- 
take in another animal. However, when the 
liver is damaged acutely with CCl, this in- 
hibiting effect is decreased and marked in- 
crements of such a factor then appear in the 
plasma of the hypoxic animal. 


Jacobsen e¢ al.(15) have demonstrated the 
importance of liver damage in phenylhydra- 
zine-anemia as a prerequisite to the outpour- 
ing of EPF into the plasma. Our findings 
tend to support these observations and demon- 
strate that production of significant amounts 
of EPF can be stimulated in an animal with 
no anemia provided hypoxic hypoxia and liver 
damage are present in combination. 

The method of demonstrating an erythro- 
poietic response in recipient test animals is a 
problem in itself. What constitutes reliable 
evidence of significant erythropoietic stimu- 
lation and what does not? A measurement 
of total red cell volume in each animal with 
labeled red cells before and after the experi- 
ment to detect a significant increase is per- 


t Sections of livers show varying degrees of liver 
damage. This appears as vacuolization of the cells 
of part or all lobules and necrosis in the centrilobular 
region. Mitotic figures are present indicating re- 
generation. The rats subjected to low oxygen ten- 
sion show a more severe degree of damage than those 
in normal atmosphere. 
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TABLE Il. Hypophysectomized Rats Given 2 ce of Plasma I.V. on 2 Consecutive Days, 1 ue 
Fe® LV. 3 Hr after Last Plasma Injection on Day 2, and 18-Hr Uptake Done on Day 3. 


No. of Avg wt (g) Avg Het (%) Avg Fe® up- 
animals & range & range take (%) 
Group I—Receiving plasma from rats 6 198 (172-206) 47 (45-48) SS) cate te x23)" 
given .25 ce CCL, and kept at 10% id 
oxygen 48 hr 
Group II—Reeeiving plasma from rats ff 199 (193-205) 46 (40-48) pas 0B 
given .25 ce CCl, and kept at normal 
oxygen tension 48 hr 
Group I1I—Receiving normal plasma 7 198 (193-208) 45 (43-47) 3.2 + 1.24 
Group I1V—Untreated 6 205 (199-221) 50 (46-52) 3.0 SE Seo 


*-+ 8.2. 


The ‘‘t’’ test of significance for differences between the means was applied to group I ws 
groups IT, ITI and IV. Values were significant at 1% level comparing groups I and II. Signifi- 
cance was between 1% and 2% comparing group I vs IIT and IV. 


TABLE III. Hypophysectomized Rats Given 


ce of Plasma I.V. on 2 Consecutive Days, 1 ye 


Fe® 1.V. on Day 3, and 24-Hr Uptake Determined on Day 4. 


No. of Avg wt (g) Avg Het (%) Avg Fe® up- 
animals & range & range take (%) 
Group I—Receiving plasma from rats a 194 (185-205) 44 (43-47) 37.5 + 3.8 * 
given .25 ce CCl, and kept at 10% 
oxygen 48 hr 
Group II—Receiving plasma from rats 6 193 (186-217) 47 (45-50) 10.7 + 2.88 
given .25 ce CCl, and kept at normal 
oxygen tension 48 hr 
Group I1I—Receiving normal rat plasma 7 209 (186-218) 45 (43-47) 7.0 + 4.86 
Group 1V—Untreated 6 191 (180-203) 48 (45-50) eal vsti 118) 
ae Sol De : 


The ‘‘t’’ test of significance for differences between means was applied to group I vs 
groups II, III and LV. The difference was significant at the level of less than 1% in all. 


haps the most direct assessment of response. 
Other methods such as 1) response of Hb, 
Ht, RBC and retic. count 2) marrow cellu- 
larity and differential, possess quantitative er- 
rors largely due to fluctuations in plasma 
volume and faulty sampling. The 24-hour 
Fe” uptake is simple and widely used to 
demonstrate response or lack of it. Its re- 
liability as a criterion of red cell production 
under varied circumstances needs further elu- 
cidation. Assuming reliability, it has marked 
advantages in that it shows an earlier response 
and greater magnitude of response than the 
other criteria available. Comparative studies 
of the various methods are in progress. The 
fact that one group using one method(15) 
finds plasma from bled-anemic animals to- 
tally inactive and others using different 
methods(5) find it sufficiently positive, illus- 
trates the possible effect on conclusions that 
methodology may produce. 


Stohlman e¢ al.S1 have reported erythro- 
poietic stimulating effects of plasma from nor- 
mal animals placed at various simulated alti- 
tudes, when given to sublethally irradiated 
recipients. 24-hour Fe®? uptake was the cri- 
terion used for presence or absence of re- 
sponse. We are unable to explain the dis- 
crepancy between their results and ours. The 
only significant differences in method were 
1) their test animal was the sublethally ir- 
radiated rat whereas ours was either the nor- 
mal or hypophysectomized rat. 2) Their 
altitude levels were simulated in decompres- 
sion chambers whereas ours were accom- 
plished using various mixtures of nitrogen 
and oxygen at ambient pressure. The degree 
of hypoxia was comparable. 3) Their ani- 
mals were kept hypoxic for 24 hours whereas 


§ Personal communication. 
{| Reported at Sixth International 
Hematology. 
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ours were kept so for 48 hours or longer. || 
Summary. Normal rats placed in a low 
oxygen atmosphere did not elaborate in their 
plasma a factor capable of stimulating in- 
creased incorporation of Fe°® into red cells 
of normal or hypophysectomized recipients. 
However, when their liver was acutely dam- 
aged with carbon tetrachloride and they were 
then placed in low oxygen atmosphere, sig- 
nificant amounts of such a factor appeared in 
their plasma. This is interpreted as further 
evidence that the liver, under ordinary cir- 
cumstances, has a_ significant part in the 
mechanisms that control red cell production. 


The authors express their thanks to André Bulba, 
Ruth Deckert, Gregory Makohon, Jane Shoemaker 
Edward Dywinski, and Helen Fox for technical assis- 
tance, and Dr. L. Simpson for pathological diagnoses 
of liver specimens. This investigation was supported 
in part by research grants from the Nat. Cancer Inst., 
USPHS and the Atomic Energy Com. 


|| Subsequent studies have shown 1) there is vari- 
ation in susceptibility of groups of rats to the hepato- 
toxic effect of carbon tetrachloride. Only those with 
more severe damage show increased 
erythropoietic factor in their plasma at 48 hours, 2) 
increased levels of plasma erythropoietic factor have 
been found regularly in the plasma of hypoxic rats 
without liver damage at 24 hours. This has disap- 
peared in every instance at the 48 hour interval. 
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Le Winn(1) has described gynecomastia in 
men receiving prolonged digitalis medication 
for management of congestive heart failure. 
He suggested that digitalis steroids have an 
estrogen-like effect. A search of the literature 
has failed to reveal any description of estro- 
gen-like stimulation in digitalized human or 
animal females. During the course of inves- 


* This research was supported in part by Grant 
from Nat. Inst. of Arthritis and Metabolic Diseases, 
USPHS. 


tigating the relationship between cardiotonic 
glycosides and protein metabolism, we ob- 
served that the uteri of mature ovariecto- 
mized female rats were trophically stimulated 
by the administration of digoxin. As a result, 
experiments were designed to further investi- 
gate this observation. 

Material and method. Nineteen 68-day- 
old female Sprague-Dawley rats were bi- 
laterally ovariectomized and divided into 4 
groups following a 21-day post-operative pe- 
riod. The groups were treated as follows for 
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FIG. 1. Gross section of uterus of ovariectomized rat. X39. 


Gee 
IMIKES, G), 
FIG. 4. 
trone, >¢35. 


7 days: Group 1 (4 rats) with a mean weight 
of 239 g served as castrate controls; Group 2 


(5 rats) with a mean weight of 262 g re- 
ceived a daily subcutaneous injection of di- 


Cross section of uterus of ovariectomized rat which received estrone. 35. 
Cross section of uterus of ovariectomized rat which received digoxin. X35. 
Cross section of uterus of ovariectomized rat which received both digoxin and es- 


goxint (2.0 mg/kg); Group 3 (5 rats) with 
+ Digoxin was generously supplied by Burroughs 


Wellcome Co. who have recently adopted the trade- 
to facilitate distinction between 


mark “Lanoxin” 
digoxin and digitoxin. 
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FIG. 5, 6. Epithelium, stroma and smooth 
FIG. 7, 8. Epithelium, stroma and smooth 
uterus. 344. 
TNKE, Gy al), 
uterus. x 344. 
FIG. 11, 12. Epithelium, stroma and 
mized rat uterus. 344, 


muscle of ovariectomized rat uterus. xK 344, 
muscle of estrone-treated ovariectomized rat 


Epithelium, stroma and smooth muscle of digoxin-treated ovariectomized rat 


smooth muscle of digoxin-estrone- treated ovariecto- 


a mean weight of 244 ¢ received 0.1 mg of 
estrone in oil subcutaneously on the first and 
fourth experimental days: Group 4 (5 rats) 


with a mean weight of 241 g received both | 


digoxin and estrone in the above doses. Late 
in the 7th experimental day, all rats were sac- 
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rificed, their uteri removed, fixed in Bouin’s 
solution, sectioned and stained with hema- 
toxylin and eosin. A vaginal smear of each 
rat was made at this time. 


Results. Castrate control. (Fig. 1, 5, 6). 
The uteri of these animals presented the typi- 
cal well known reaction to bilateral ovariec- 
tomy. Grossly, the uteri were small and 
anemic. Histological sections showed a low 
epithelial lining, small endometrial glands, a 
compact stroma consisting of closely packed 
cells with intensely basophilic nuclei, and a 
myometrium composed of small muscle cells. 
The vaginal smears all showed the presence 
of the diestrus state. 

Estrone-treated (Fig. 2, 7,8). Estrone ad- 
ministration to castrate rats resulted in rapid 
recovery of their uteri. Grossly, these organs 
were large, hyperemic and moderately dis- 
tended with fluid. In section, the endomet- 
rium was thrown up into longitudinal folds, 
the stroma was wide and edematous, the 
glands enlarged, and the myometrium well 
developed and repaired. The surface epi- 
thelium consisted of tall columnar cells with 
oval nuclei. Many of these cells showed 
vacuolar degeneration. Many mitoses were 
present and limited to the lining epithelium. 
The vaginal smears of these rats showed that 
they were in estrus by the presence only of 
cornified cells. 

Digoxin-treated (Fig. 3, 9, 10). Digoxin 
administration to ovariectomized rats re- 
sulted in an unmistakable trophic response of 
the uteri. Grossly, these organs were large 
and hyperemic, but not distended with fluid. 
Microscopically, the endometrium was not 
folded, the lining being composed of a single 
layer of columnar epithelial cells, of which 
some portions were pseudostratified. These 
cells were considerably taller than those of 
the castrate controls but not heightened to 
the extent of those of the estrone-treated 
group. Their nuclei were long and oval oc- 
cupying a central position in the cells. The 
stroma was edematous; the stromal nuclei 
were large and vesicular, each with a prom- 
inent nucleolus. The endometrial glands 
were enlarged. The smooth muscle cells of 
the muscularis were markedly increased in 
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size and were completely recovered from the 
castrate condition. An occasional mitotic 
figure was observed in the lining epithelium 
and glands but none were seen in the stroma 
or muscle layers. The vaginal smears of 2 
of these rats indicated that they were in late 
metestrus. These smears contained cornified 
cells, leucocytes and epithelial cells. Three 
rats had smears consisting only of epithelial 
cells, which is characteristic of proestrus. 


Digoxin-estrone-treated (Fig. 4, 11, 12). 
The combined administration of both digoxin 
and estrone resulted in a response similar to, 
but much more intense than, that observed 
following estrone treatment alone. Grossly, 
these uteri were larger than any of the others, 
hyperemic, and enormously distended with 
fluid. Histologically, the endometrium was 
folded longitudinally and the lining epithelial 
cells were as tall as, and sometimes taller 
than, similar cells of the estrone-treated uteri. 
Their nuclei were large and located near the 
base of the cells. Some of these nuclei were 
karyorrhectic. The endometrial glands were 
enlarged. The stroma was edematous; the 
stromal nuclei were either vesicular or fusi- 
form in character. The stromal blood vessels 
were considerably enlarged. The myomet- 
rium was recovered from the atrophic cas- 
trate condition. Mitoses were more numerous 
and prominent in the epithelium and glands 
of these uteri than in either the estrone- 
treated or digoxin-treated uteri. Mitoses were 
not observed in the stroma or myometrium. 
The vaginal smears of these rats were typi- 
cally estrus, being composed of cornified cells 
only. 

Discussion. The hypertrophic and hyper- 
plastic responses of the castrate uterus to es- 
trogen stimulation are well known. These 
are characterized by cell division; an edema- 
tous wide stroma; enlarged columnar epi- 
thelial cells; and a well developed, repaired 
myometrium. According to the criteria of 
Hooker(2), the most consistent and conspicu- 
ous change in the castrate mouse uterus 
treated with progesterone was vesiculation of 
the stromal nuclei and prominence of their 
nucleoli. He also noted the absence of inter- 
stitial edema, the lack of significant change 
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in the epithelium and myometrium, and the 
high incidence of stromal mitoses. 

Classification of the uterotrophic responses 
noted in the present study is difficult. The 
digoxin-treated uteri showed definite vesicu- 
lation of the stromal nuclei and prominent 
stromal nucleoli, but these were the only 
characteristics of progestational stimulation. 
On the other hand, the edematous stroma 
without mitoses, the hypertrophic surface epi- 
thelial cells and the repaired muscle cells may 
be used to classify the effect of digoxin as an 
estrogen-like response. The appearance of the 
vaginal smears of the digoxin-treated rats, 
some showing proestrus and some late metes- 
trus, strongly suggests estrogenic stimulation, 
however small this stimulation may be. The 
magnitude of the changes evoked in uteri 
which received both digoxin and estrone sug- 
gests that the uterotrophic influence of di- 
goxin may have been added to or superim- 
posed upon the estrone effect. 

The ultimate fate of digitalis glycosides is 
still disputed. Because of the structural simi- 
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larity between cardiotonic glycosides and 
steroid hormones, one may speculate that a 
metabolite of digoxin, utilizing the cyclopen- 
tanoperhydrophenanthrene radical common 
to both groups of compounds, has estrogen- 
like qualities. Such a possibility as well as 
the roles of the pituitary, adrenals and liver 
are being investigated. 

Summary. Digoxin administration to ma- 
ture ovariectomized rats resulted in utero- 
trophic response evidenced by heightening of 
epithelium and enlargement of epithelial nu- 
clei, edema of the stroma with vesiculation of 
stromal nuclei and prominence of stromal nu- 
cleoli, and recovery of the myometrium. The 
response of castrate uteri to estrone was in- 
tensified by the concurrent administration of 
digoxin. 


1. Le Winn, E. B., New Eng. J. Med., 1953, v248, 
316. 
2. Hooker, C. W., Anat. Rec., 1945, v93, 333. 
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Production of Gastric Ulcers in Dogs on Protein Depletion Regime.* (23178) 
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In higher mammals production of hemo- 
globin takes precedence over formation of 
most body proteins. Advantage was taken of 
that fact in 1939 when we were able to dem- 
onstrate that in the dog, hemoglobin produc- 
tion could be limited by protein intake(1). 
By “forced hemoglobin production” in dogs 
concomitantly maintained on a low protein 
intake circulating and reserve proteins were 
rapidly depleted. In recent studies in which a 
similar technic of protein reduction was used 
in studies of anaphylaxis(2) and homo-trans- 
plantst we have been impressed with the high 
incidence of gastric ulcer and particularly 
where a perforation was the immediate cause 


* Carried out under contract with Division of 
Biology and Medicine, U. S. Atomic Energy Com. 
t In preparation. 


of death. These lesions varied quite con- 
siderably as to severity and location. In 
some instances there were patchy and in 
others quite extensive denudement of the gas- 
tric mucosa. In a few, deep indurating ulcers 
involved not only the mucosa but the mus- 
cularis. Very frequently complete perfora- 
tion of the stomach occurred with appearance 
of ‘punched out” lesions frequently seen at 
human autopsies. Some of these changes can 
be seen in Fig. 1, 2 and 3. Most frequently 
the lesion was seen on the greater curvature 
or above the pyloric sphincter and uncom- 
monly in the duodenum. 


Methods. The procedure can be described 
briefly as follows: The dogs were bled 14 of 
estimated circulating blood volume (72 ml/ 
kg) on each of 3 successive days. The same 
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TABLE I. Low Protein Diet Used with Forced 
Hemoglobin Production. 


er EES SEES SSS 
——————————— es 


PTO UAE La CHO Total 
g (g) =  GHilke 
Bananas 300 3.6 6 69 300 
Salmon 100 20.6 9.6 0) 168 
Cod liver oil 40 40 360 
Karo syrup 120 120 480 
Wesson salts 1 

560 24 50 190 1308 

7TA% 34% 58% 

prot. fat CHO 

eal. eal. eal, 


Fed 50 g/kg = 117 eal./kg. 


amount of blood was removed on the Sth day 
and this usually resulted in establishment of 
a temporary anemic state at about % normal 
hematocrit value. Phlebotomy was then car- 
ried out at such intervals as to maintain the 
hematocrit at approximately this level. From 
this time iron as saccharated oxide (‘Pro- 
ferrin” was administered at time of each 
bleeding in amounts of approximately 1 mg 
for each ml of red cells removed. Normally 
this would result in maintenance of iron bal- 
ance and since under this procedure, the 
erythrocytes become hypochromic, one was 
giving essentially an excess of iron over and 
above that removed. From the time of es- 
tablishment of the anemic state, the dogs 
were maintained on a diet low in proteins as 
well as other dietary essentials such as certain 
vitamin fractions. Its composition is shown 
in Table I. 

Results. A group of 6 litter-mate dogs was 
being depleted of proteins by the method de- 
scribed above. Two of these animals died of 
perforating ulcers 6 and 7 months respec- 
tively after institution of the diet, bleeding 
and iron injections. This called our attention 
to the incidence of such changes and we real- 
ized that in the past we might have missed at 
autopsy a number of instances in which non- 
perforating ulcers had existed in the stomach 
or duodenum. Therefore, in the present 
communication we shall be concerned mainly 
with the next 15 animals which were placed 
on this regime and examined carefully at au- 
topsy for gastric and duodenal lesions. 


Two litter-mate animals, 55-7 and 55-8, 
were treated by the same procedure and died 
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in 3.5 months of perforating ulcers. The first 
had an ulcer of the lower greater curvature 
which had perforated and also other ulcers 
involving the gastric and duodenal mucosa. 
The second had perforating pyloric and duo- 
denal ulcers. The next group of 4 litter-mate 
dogs, 55-53 through 55-56, on the same re- 
gime with no other treatment survived 2, 3, 
3 and 3.5 months respectively. Three out of 
4 of these animals showed lesions of the 
mouth and fore and hind legs. Two had no 
ulcerative changes in the gastro-intestinal 
tract. On the other hand, 2 of them had per- 
forating pyloric ulcers and 1 of these in ad- 
dition had a perforating duodenal ulcer. The 
other with the perforating gastric ulcer 
showed a hemorrhagic ulcer of the greater 
curvature. The next 3 animals were litter- 
mates 55-82 through 55-84. These animals 
were on the same regime as the other dogs 
except that 2 of them received daily supple- 
ments of vitamins as follows: Thiamine = 50 
mg; riboflavin= 5 mg; nicotinamide — 50 
mg; ascorbic acid = 12 mg and Brewers yeast 
= 1.5 tablets daily. The third animal received 
no vitamins. The latter animal survived $5 
months and cause of death was unknown. At 
autopsy the gastric wall showed internal 
hemorrhages and the usual fatty liver was 
present. One of the vitamin treated animals 
was sacrificed at this time for comparative 
purposes and showed a normal stomach. The 
liver showed grossly very slight fatty infil- 
tration. The second animal receiving vita- 
mins died 8 months after being placed on this 
regime and showed internal hemorrhage of 
the gastric wall. 

The next 7 dogs were litter-mate animals, 
55-43 through 55-49, of which one died of 
extraneous causes before the regime began. 
Three months after beginning the low pro- 
tein-forced hemoglobin production regime, 3 
of the animals were given a single intravenous 
injection of radioactive colloidal gold of 30 
mc. Following depletion of their circulating 
protein they were all used as candidates for 
skin homografts following which they were 
later studied for tuberculin sensitivity 4 weeks 
following subcutaneous administration of 
bacto-adjuvant. It is interesting to note that 
5 out of 6 of the animals survived for 5 
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FIG. 1. Dog 55-48: Internal wall of stomach show- 
ing 2 indurating ulcers on curvature. 


months all dying spontaneously within a pe- 
riod of 1 week. The last animal survived 6% 
months. Four of the 6 animals showed ab- 
sence of mucosa in the greater curvature. The 
2 others showed deep indurating ulcers of the 
pyloric mucosa and duodenum. Two of the 
animals had, in addition, perforating ulcers 
above the pyloric sphincter. 

The animals on this regime lost a consid- 
erable amount of weight and, indeed, this was 
the most striking feature as far as clinical 
signs were concerned. Elsewhere(2) we have 
shown that the electrophoretic patterns of 
dogs on such a regime undergo a considerable 
change as far as distribution of the plasma 
protein constituents although the total plasma 
proteins are not markedly altered. 

Aside from the high incidence of peptic 
ulcer in these animals several other points 
should be mentioned briefly. In every case 
there was a very considerable amount of de- 
position of subcutaneous fat varying from 1.5 
to 3 cm in thickness. This was such as to 
preclude the successful use of skin homo- 
grafts. This factor will be described in detail 
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elsewhere. This lipid deposition, it should 
be noted, took place in spite of the uniform 
degree of emaciation in these animals. It was 
very nearly liquid in appearance suggesting a 
high degree of unsaturation. In all animals 
there was at autopsy gross evidence of exten- 
sive fatty infiltration of the liver although in 
the 2 vitamin treated animals this seemed to 
be somewhat less than in the others. In most 
of the animals there also developed rather 
deep ulcerative lesions usually involving the 
mouth and quite characteristically also ap- 
pearing at the ankle joints. We had noted . 
these lesions in our earlier work involving the 
use of forced hemoglobin production in pro- 
tein depletion(1) and found that such lesions 
very promptly disappeared within a few days 
following the administration of whole liver. 
Of the 15 dogs consecutively used the time 
from institution of the low protein-forced 
hemoglobin regime to death averaged 4.5 


months. 


Discussion. Li and Freeman(3) reported 
47% incidence of peptic ulcers in dogs main- 
tained on diets which were free from protein 
except for that contained in yeast which made 


FIG, 2. Dog 55-7: Exterior wall of lower portion 
of stomach and duodenum showing perforating ul- 
cer. 
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FIG. 3. Dog 55-48: External wall of stomach show- 
ing one indurating and one perforating ulcer near 
pyloric area. 


up 5% of each diet. Twelve weeks on such 
a regime seemed to be the minimum of time 
required for development of any peptic ulcer. 
Of 32 protein deficient dogs studied 15 had 
solitary peptic ulcers, 13 of which animals 
had ulceration on the pyloric side of the 
sphincter. Fouts(4) fed dogs a low protein 
(casein) diet supplemented with thiamine, 
nicotinic acid, riboflavin, pyridoxine and pan- 
tothenic acid over extended periods of time. 
They lived on an average of 175 days develop- 
ing anorexia, weight loss, anemia, skin ulcers, 
peptic ulcers and fatty cirrhotic livers. Weech 
-and Paige(5) maintaining their dogs in the 
study of nutritional edema on a diet consist- 
ing of carrots, rice, lard, cod liver oil and 
sugar and salt mixture found a high incidence 
of peptic ulcers of the stomach and duodenum. 
Among 22 animals receiving the diet for an 
average of 90 days 36% exhibited true peptic 
ulcers at autopsy. Of the remaining 14, 23% 
showed erosions of gastric or duodenal epi- 
thelium without true ulcer formation. The 
incidence of ulcers could not be correlated 
with duration of the diet, degree of emacia- 
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tion as shown by weight loss or degree of 
anemia which was established. There seemed 
to be the possibility of a correlation between 
serum albumin levels with development of the 
ulcers. Other investigators have described 
occurrence of gastro-intestinal ulcers in rats 
and mice maintained on various protein de- 
ficient diets. 

We do not feel that induction of skin grafts 
or sensitization to bacto-adjuvant with subse- 
quent tuberculin test were likely to have af- 
fected the induction of the ulcerous lesions. 
The incidence of overall lesions is higher in 
that group than in the group of dogs as a 
whole but the number involved is too small 
to permit evaluation. The closeness of time 
of death in the siblings of this group however 
is very striking as mentioned above. 

Simple iron-deficiency anemia maintained 
in dogs by phlebotomy while on normal or 
low-iron diets over many years does not result 
in gastric lesions in the experience of one of 
the authors (PFH). 

On the basis of the findings we are not 
prepared to speculate on the relationship of 
lowered and altered distribution of circulat- 
ing proteins or depletion of body protein 
stores on the induction of ulcers. 

Summary. Dogs maintained in the anemic 
state by phlebotomy with intravenous injec- 
tion of amounts of iron equivalent to that re- 
moved in hemoglobin and concomitantly fed 
a low protein diet, are quite rapidly depleted 
of their protein reserves and the circulating 
plasma proteins are markedly altered. Weight 
loss is invariably considerable. In these ani- 
mals the incidence of peptic ulcer is extremely 
high with a large percentage developing per- 
forating ulcers causing death. 


The authors are indebted to Primus Mootry for 
able technical assistance. 
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Increase in Red Cell Volume in Response to Long Exposure to Cold.* 


(23179) 


J. F. Garcia, R. W. BELKNAP, AND S. F. Cook 


The Donner Laboratory and the Department of Physiology, University of California, Berkeley. 


Although blood and plasma volume 
changes have been given some attention in 
studies involving exposing animals to cold en- 
vironments, very little mention has been made 
regarding the red cell picture. Bass and Hen- 
schel(1) have recently reviewed the subject 
of volume changes in cold environments. 
Baxett et al.(2) report a decrease in blood 
volume and total circulating hemoglobin in 
humans after prolonged exposure to cold. 
However, Brown et al.(3) observed that the 
blood volume of the Eskimo was high and 
that it fell in the summer months and sug- 
gested that this was associated with cold ac- 
climatization. In the rat, Deb and Hart(4) 
observed increased blood and plasma volume 
after 5 weeks exposure to an environment of 
Gee. 

Since it is well substantiated that oxygen 
consumption is increased in rats exposed to a 
cold environment(5,6), and since one of the 
functions of hemoglobin is the transport of 
oxygen, it would seem pertinent that the state 
of erythropoiesis should be reinvestigated. 
Use of labelled red cell dilution technic was 
employed here to see if there is any net gain 
in total red cell volume in rats exposed to a 
cold environment. 

Methods. The rats were males of the 
Long-Evans strain, fed a complete laboratory 
diet.t Thirty-six rats, approximately 170 
days of age, were divided into 2 groups so 
that the average weight of each group was 
the same at the beginning of the experiment. 
The control group was maintained at room 
temperature and the cold-exposed group was 
kept at 3°C + 1°C. At the end of 30 days, 
blood volumes were determined by use of 
Fe labelled red cell dilution technic(7). 
The labelled red cells were obtained by car- 


*This work was supported in part by Atomic 
Energy Commission and University of California. 

+The diet was ‘Simonsen Green Diet’ obtained 
from Simonsen Laboratories, Gilroy, Calif. 


diac puncture from a donor animal previously 
injected with Fe®®. Blood volume determina- 
tions were done under ether anesthesia. In- 
jections of tagged blood were made through 
the saphenous vein which was exposed by a 
small skin incision. A specially calibrated 
0.25 ml tuberculin syringe was used so that 
a constant volume of donor blood was in- 
jected into each animal. Using this syringe, 
the same volume of donor blood was put into 
a 10 ml volumetric flask, which when diluted 
and an aliquot pipetted and counted, gave a 
measure of the amount of Fe®® activity which 
was injected into each animal. After injec- 
tion, 6 minutes were allowed for the donor 
blood to mix, at the end of which time the 
abdomen was opened, and as much blood as 
would flow freely was drawn from the vena 
cava into a heparinized syringe. A portion 
of this blood was used for an hematocrit and 
hemoglobin determination and an aliquot was 
counted directly in a scintillation counter 
adapted for vial counting(8). The amount 
of radioactivity injected was divided by the 
amount of radioactivity/unit of recipient 
blood to obtain “blood volume.” The total 
“blood volume” multiplied by the hematocrit 
gave total red cell volume. The total circu- 
lating hemoglobin was obtained by multiply- 
ing total blood volume by the hemoglobin 
concentration. 


Results. A summary of the data is pre- 
sented in Table I. The differences between 
normal and exposed rats observed in the 
hematocrits and hemoglobin concentrations 
were not statistically significant. However, 
total red cell volume and total circulating 
hemoglobin of the cold exposed rats increased 
by 12.9 and 10.9% respectively. These val- 
ues are significant with a “P” value of less 
than 0.001. 


Stullken and Hiestand(9) observed no 
change in either hemoglobin concentration or 
erythrocyte number in mice after a 5 day ex- 
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TABLE I. Summary of Hematological Data of Rats Exposed to Cold Environment for 30 Days; 18 


Rats/Series. 
Hemoglo- Total circulating 
Body wt, g bin cone., Total Total red cell vol hemoglobin 
, Hemato- 2/100 blood % % 

Initial Final crit,% mlblood vol, ml ml change P* g change P 

Controls 400 428 45.5 13.2 20.22 9.20 2.67 
WAS) LOO OSORNO 

Cold exposed 400 413 47.2 13.4 22.01 10.39 2.96 


30-days 


ebisherS. boo west (10). 


posure to cold. However, they suggest that 
possibly 5 days is not a long enough time in 
which to expect acclimatization to appear. 
The present study would also suggest that 
concentration studies alone are perhaps not 
as conclusive as the observation of a net in- 
crease in red cell volume in response to a par- 
ticular stimulation. 

That an increase in red cell volume is ob- 
served in animals exposed to a cold environ- 
ment is not altogether unexpected when one 
considers that it is accompanied by a physio- 
logically increased requirement of oxygen. 
Such a stimulation of red cell production, pos- 
sibly secondary to an increased oxygen con- 
sumption, is interesting since in many differ- 
ent endocrine states variations in the red cell 
picture are seen accompanied by variations in 
oxygen consumption. 

Summary. An increase in total red cell vol- 
ume and total circulating hemoglobin was 
observed in rats exposed to a cold environ- 


ment for a period of 30 days. 
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Bromsulphalein Dye Retention Test in Toxicological Investigations. (23180) 
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Routine toxicologic investigations demand 
evaluation of liver function in the experi- 
mental animal as an indication of possible 
hepatotoxicity. The method employed 
should give results which can be read quan- 


* Present address: Charleston, O. 
+ Present address: University of Rochester School 
of Medicine and Dentistry, Rochester, N. Y. 


titatively. This report describes a procedure 
by which concentrations of the bromsulpha- 
lein dye in the blood are obtained which can 
easily be determined by standard electropho- 
tometric methods. Moses ef al.(1) have re- 
ported that bromsulphalein at doses of 5, 10 
and 20 mg/kg intravenously in dogs yielded 
reproducible and quantitatively similar 
curves. Gornall et al.(2) showed that a 10 
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TABLE I. 15 Minute B.S.P. Retention Values for 5 Rabbits Fed CCl. 


fy Vana sgl bo ane Kesh aC ON 


7 days 14 days 
After 2 After4 following following : 
Control doses CCl, doses CCl, 4th dose 4th dose Liver damage 
4.6 30 64 8.5 6.4 Mild 
4.0 9.7 36* — 7.0 ne 
6.5 Dead —No autopsy performed 
4.5 4 —Autopsy Hi — Very marked 
5.7 45.6 92 


Sacrificed, Marked 


autopsy performed 


* Retention at 18 min. 


mg/kg dose administered intravenously gave 
more satisfactory results than the 5 mg/kg 
dose. Smith et al.(3) showed that in many 
instances 15 minutes after administering the 
dye none was found in the blood, indicating 
rapid removal of the dye from the blood 
stream. 

To evaluate possible hepatotoxicity of 
agents with potential chemotherapeutic value, 
an indication of altered liver function should 
be of diagnostic significance. The bromsul- 
phalein dye retention test serves as a useful 
method for evaluation of liver function. 

Materials and methods. Male and female 
adult albino rabbits were used in these experi- 
ments. Bromsulphalein dye was given intra- 
venously at a dose of 10 mg/kg. 20 mg of 
dye per 100 ml of blood was considered 100% 
retention(2). 

Results. Control bromsulphalein retention 
value at 15 minutes after injection of the dye 
was determined on 63 rabbits, with a mean 
value of 3.8% + 1.6.+ Five of the rabbits 
were given 5 mg/kg of a 10% (v/v) solution 
of CCl, in peanut oil by gavage, twice weekly, 
to produce liver impairment(4). Two of the 
5 rabbits died after receiving 2 doses of the 
CCl,, the other 3 received a total of 4 doses 
(Table I). Retention values at 5, 10, 15, 30, 
and 60 minutes were obtained on 2 of the 5 
rabbits to establish control curves (Table IT 
and Fig. 1). 

After 2 and 4 doses of CCl,, 15 minute re- 
tention values were determined on the 3 re- 
maining rabbits (Table I). Simultaneously, 
retention values at 5, 10, 15, 30, and 60 min- 
utes were obtained on rabbit 142, on which 


} Stand. dev. 


a control curve had already been established 
(Table II). All tests were done approxi- 
mately 24 hours after the CCl, was given. 
The rabbits were fasted overnight prior to the 
determinations. 

Autopsy was performed on rabbit 140, 
which died after receiving 2 doses of CCl, 
and on rabbit 142, which was sacrificed after 
receiving the 4 doses. Gross examination re- 
vealed marked liver damage in rabbits 140, 
and 142. The findings were corroborated on 
examining tissue sections of the liver. Liver 
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MINUTES 


FIG. 1. Control B.S.P. retention values for rabbits 
No. 140 and 142. 
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TABLE II. Bromsulphalein Value at Selected 
Time Intervals for Rabbits Fed CCl. 
——————— 

% bromsulphalein retention 


Speci- 


men 5min. 10min. 15 min. 30 min. 60 min. 


Control 51.5 


bo 
= 
Or 
~l 
OT 
~ 

| 
S) 


x) 
So 
Ne} ) 
ioe) 


After 2 91.2 45.6 33.8 5.2 
doses 

After 4 110.6 92 50 22 
doses 

Control 38 Hore, 4.5 eS) 3 


sections from rabbit 140 revealed greater liver 
damage than that of rabbit 142. Liver sec- 
tions from rabbits 139 and 148 which were 
killed 14 days following the fourth dose of 
CCl, revealed milder liver damage (Table I). 
No tissue was obtained from rabbit 138 as 
death occurred on a weekend and the rabbit 
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was disposed of by error. 

Summary. 1) Fifteen minutes after ad- 
ministration of bromsulphalein at a dose of 10 
mg/kg i.v. in rabbits, dye was present in the 
blood and a satisfactory determination of the 
dye concentration was possible. 2) Liver 
damage was reflected by an increased reten- 
tion of bromsulphalein 15 minutes after in- 
jection of the dye. 
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Physiologic changes which resemble those 
following injection of epinephrine and _ nor- 
epinephrine frequently occur in response to 
many types of noxious stimuli. The recent 
introduction of bio-assay and chemical pro- 
cedures for estimation of epinephrine has 
made it possible to confirm physiologic evi- 
dence of increased sympathetic medullary ac- 
tivity under these circumstances. Since fear 
or anxiety is one of the most prominent symp- 
toms in both neurotic and psychotic patients, 
such a study is of particular interest in these 
individuals. The purpose of this report is to 
present preliminary observations on excretion 
of urinary epinephrine in this group. 

Materials and methods. Seventeen pyschi- 
atric patients, none of whom was receiving a 
course of tranquillizing drugs, insulin treat- 
ment or electric shock therapy, were studied 


* Aided by grants from Donner Foundation and 
Lahey Foundation. 

+ Public Health Service Research Fellow of Nat. 
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on one or more occasions. Diagnoses of the 
nature of the disorders were made by the psy- 
chiatric staff of McLean Hospital. In some 
cases, the illness was acute, while in others 
it was chronic. Some, but not all, patients 
complained of severe anxiety and often 
showed physiological evidence of increased 
epinephrine activity such as clammy hands 
and tachycardia. Their blood pressures, how- 
ever, were within normal limits. The method 
used in determination of the urinary “epine- 
phrines”+ has been described elsewhere(1). 
Minor refinements in the chromatographic 
technics were made during the course of the 
investigation. In a control series comprising 
45 patients, values ranged from 0 to 59.5 pg 
per 24 hours; average value was 20.0 and 
standard error was 2.9. Values in patients 


t “Epinephrines”, as used in this paper, includes 
all compounds detected by the method employed. 
These substances include epinephrine, norepinephrine, 
certain other alpha-hydroxy tri- 
hydroxindoles, and 3,5 hydroxy-6-oxy indoles. 


catechol amines, 
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TABLE I. Value of Urinary ‘‘Epinephrines’’ in 
Psychiatrie Patients. 


Urinary 
Case “¢ epineph- 
rines,.” 
Age Diagnosis wg /24 hr 
45 controls 0-59.5, 
Avg 20 + 2.9* 
g@ 40 Psychotic disorder, psychotic 773 
depressive reaction 
g 26 Schizophrenic reaction, cata- 0 
tonic type 
Hah) Idem 631 
184 
639 
728 
203 
360 
Q@ 26 Schizophrenic reaction, para- 577 
noid type 270 
”» 42 Idem 730 
g 388 Schizophrenic reaction, schizo- 800 
affective type 
Q@ 45 Idem 353 
339 
” 46 a 710 
g 21  Psychoneurotic disorder, 660 
anxiety reaction 
Q 36 Idem 364 
” 34  Psychoneurotic disorder, dis- 1184 
sociative reaction 1055 
* 36 Psychoneurotic disorder, obses- 133 
sive compulsive reaction 
” 24  Psychoneurotie disorder, de- 237 
pressive reaction 
ets: Idem 233 
oY Bl a 119 
g 16 Personality disorder, passive 34 
aggressive disturbance 
* 14 = Transient situational personal- 3 
ity disturbance, adjustment 
reaction of childhood, conduet 
disturbanee, destructiveness 
*S.E. 


with pheochromocytomas are usually from 
200 to 3000 pg, but on rare occasions normal 
findings may be present in patients with these 
tumors. 

Results. The urinary “epinephrines” of 
most of the patients were from 200 to 500 pg 
per day (Table I), values well in excess of 
those found in normal individuals. However, 
three patients, one recently recovered from 
catatonic stupor, one with a personality dis- 
order and the third an adjustment problem, 
showed normal values. The 2 latter subjects 
were the youngest in the series and could be 
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more properly classified as suffering from per- 
sonality disorders rather than from psycho- 
neurosis or psychosis. The highest readings 
for neurotic patients and schizophrenic pa- 
tients were 1184 and 800 yg respectively. 

Comment. The literature on urinary epine- 
phrine and norepinephrine concentration in 
both normal subjects under stress and in psy- 
chiatric patients is sparse(2-5). Some nor- 
mal and some elevated values have been found 
in neurotic and psychotic patients. Increased 
urinary outputs have been reported on occa- 
sions in normal individuals subjected to stress. 

For almost a half century, substantial 
physiological evidence(6,7) has accumulated 
which suggests increased secretion of epine- 
phrine or norepinephrine in response to strong 
emotional stimuli. Although these data are 
based on acute experiments, there is little rea- 
son to doubt that the chronic anxiety of neu- 
rotic and psychotic patients might eventuate 
in such increased activity of the adrenal me- 
dulla and sympathetic nervous system. 

The problem arose of whether urinary “epi- 
nephrines” could be correlated with subjec- 
tive anxiety or with physiologic evidence of 
increased sympathetic activity. Since all cur- 
rent methods of measuring both anxiety and 
the status of the autonomic nervous system 
are crude, a systematic study was impossible. 
However, neurotic patients with high values 
seemed in general to be more anxious and 
more subject to excess perspiration and palpi- 
tations. Such a relation was not so evident 
in the psychotic group; for example, one pa- 
tient showed normal values within 2 weeks 
after an episode of catatonic stupor. Although 
none of the subjects of Table I were hyper- 
tensive, 2 patients studied at another hospital, 
who exhibited both anxiety and hypertension 
while acutely ill, showed elevated urinary 
“epinephrines” (375 and 670 yg) during this 
period. With the diminution of anxiety, these 
values fell significantly to 107 and 92 yg 
respectively, and blood pressure readings fell 
to normal levels. 

The finding of increased “epinephrines” in 
neurotic and psychotic patients raises, of 
course, the question why physiological and 
biochemical abnormalities are observed less 
frequently in this group than in patients with 
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pheochromocytomas. This question ‘cannot 
be answered fully; however, one factor might 
be the increased rate of oxidation of epine- 
phrine commonly found in schizophrenia(8). 
Summary. Increased 24 hr excretion of 
urinary epinephrines was found in 14 of 17 
patients with various psychiatric disorders. 
These increased outputs varied from about 
200 to 500 wg/day; the largest was 1184. 
Such values are within the range of those 
found cases of pheochromocytoma and em- 
phasize the fact that increased epinephrine 
excretion is not pathognomonic of adrenal 
medullary and chromaffin chain tumors. 
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Effects of Aminopterin and Estrogen on Phosphoprotein Phosphatase 


of Rat Uterus.* 


(23182) 


JaMEs S. Davis (Introduced by Roland H. Alden) 


Division of Anatomy, University of Tennessee Medical Units, Memphis. 


In a previous investigation of the effects of 
estrogen and 4-aminopteroylglutamic acid 
(Aminopterin) on phosphate metabolism of 
rat uterus(1), it was observed that Aminop- 
terin caused an almost complete inhibition of 
synthesis of phosphoprotein in response to es- 
trogen. Aminopterin also inhibited uterine 
growth in response to estrogen which sug- 
gested that synthesis of phosphoprotein, 
might be a significant factor in growth of this 
organ. Therefore, it was felt that a study of 
the enzyme concerned in metabolism of uter- 
ine phosphoprotein would be of interest. 

Methods. 45 female rats of the Holtzman 
strain, weighing 45-55 g, were used. The 
animals were 22 days old when spayed and 
were placed on experiment 1-2 days after 
spaying. They were grouped according to 
treatment as follows: Group AE contained 
22 animals, receiving 10 »g Aminopterin/day 
for 4 days intraperitoneally and 0.1 pg 17-f- 
estradiol/day for 3 days subcutaneously. Es- 


* Supported by funds from University of Tennessee 
Reserve for Research and National Science Founda- 
tion. 


trogen was given simultaneously with the last 
3 Aminopterin injections. Group E contained 
6 animals which received estrogen injections 
only and Group C contained 17 animals serv- 
ing as untreated controls. At necropsy uteri 
were removed, stripped free of mesometrium, 
weighed, pooled as described in Table I, and 
10% water homogenates prepared. Assay 
procedure for phosphoprotein phosphatase ac- 
tivity was that described by Norberg(2) ex- 
cept that whole homogenates rather than ex- 
tracts were used. The substrate was com- 
mercial casein dissolved in dilute NaOH solu- 
tion and precipitated with HCl 3 times, then 
stored in frozen state. This procedure was 
necessary to prevent precipitation of prote- 
oses after addition of molybdate in phosphate 
determinations. Inorganic phosphorus was 
determined according to Lepage(3). 


Results. Activity of phosphoprotein phos- 
phatase in the different groups (Table 1) 
cannot be correlated with observations on 
phosphoprotein fraction of uterus studied 
under identical experimental conditions, as 
described previously(1). Values for this 
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TABLE I. Phosphoprotein Phosphatase Activity of Rat Uterus.* 


Body wt No. deter- Units, Total 

Group change, gt Uterine wt, mgt minations§ pM P/min./g }|| << AO ="4)) 

C +16 25.6 + 1.061 3 1.636 + .075 41.85 

AE —11 29.8 + 2.162 (>.05) 4 2.297 + .008 (<.01) 68.45 

E +15 86.7 + 2.173 (<.0b) 3 1.961 =: 151 (05) 170.0 
* Mean values and stand. error. 
+ Gain or loss in body wt during 4-day injection period. 7 bi 
t Significant difference between means of exp. and control groups indicated by P=.) S20 


less, shown in parentheses. 
§ 2-7 uteri pooled for each determination. 


|| umoles phosphorus released/min./g fresh tissue. 


{ Units X avg uterine wt xX 10°. 


fraction (taken from previous publication) 
have been included in Fig. 1 to facilitate com- 
parison with enzyme activity. Total phos- 
phoprotein/uterus is used as index of phos- 
phoprotein synthesis and incorporation of 
radioactive phosphorus by this fraction is in- 
cluded as a relative index of turnover. P* 
uptake was calculated as counts/min/ug P 
divided by injected dose. 

In response to estrogen alone (Group E) 
phosphatase activity/g fresh tissue did not 
increase significantly over the control value 
but total activity /uterus increased as a conse- 
quence of 240% increase in uterine weight. 
Synthesis of phosphoprotein, however, in- 
creased 810% while P*® incorporation de- 
creased 55%. In Group AE, where Aminop- 
terin completely inhibited uterine growth in 
response to estrogen, phosphatase activity in- 
creased significantly, but synthesis of phos- 
phoprotein was not significantly greater than 
in controls, and turnover increased 300%. It 
appears, then, that phosphoprotein synthesis 
and turnover are not directly related to phos- 
phatase activity and phosphoprotein turnover 
is inversely related to synthesis of phospho- 
protein and uterine growth. 

Discussion. A similar discrepancy between 
activity of phosphoprotein phosphatase and 
synthesis of phosphoprotein in a growing or- 
gan was observed by Norberg (4), who studied 
regeneration of rat liver after partial hepatec- 
tomy. Total enzyme/liver increased at the 
same rate as liver mass but enzyme concen- 
tration did not change appreciably, as ob- 
served for uterus in Group E. Total phos- 
phoprotein likewise increased at the same 
rate as liver mass except on the 3rd and 10th 
days of regeneration when phosphoprotein in- 


crease was 50% greater than the increase in 
liver mass. In this respect the 3rd and 10th 
days of regeneration are similar to the finding 
for Group E uteri. Also, Johnson and Albert 
(5), who studied phosphoproteins of various 
rat organs, noted an inverse relation between 
phosphoprotein content and turnover rate, 
and a lack of correlation between enzyme ac- 
tivity and turnover. 


At present only a theoretical explanation 
can be offered for the results presented here. 
It is possible, if not probable, that phospho- 
protein phosphatase functions only as a 
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FIG. 1. Experimental results calculated as % of 
control value. Values for phosphoprotein fraction 
taken from Davis, Meyer, and MeShan(1). 
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catabolic enzyme that is controlled by a spe- 
cific protein inhibitor, similar to the inhibitor 
described for deoxyribonuclease(6). Such an 
inhibitor would not necessarily be apparent 
in the assay procedure for enzyme activity. 
In Group AE Aminopterin apparently inter- 
feres with synthesis of inhibitor, which is 
consistent with ability of Aminopterin to in- 
hibit incorporaton of glycine and serine car- 
bon into proteins(1). Estrogen in Group AE 
stimulates synthesis of phosphoprotein but 
hydrolysis proceeds at an equal rate, thus pre- 
venting a net increase in phosphoprotein and 
accounting for the very high turnover of phos- 
phorus. In Group E production of inhibitor 
would be unimpeded, preventing the high 
turnover rate and resulting in increased ac- 
cumulation of phosphoprotein. 

Harris(7) observed that some controlling 
factor must exist for phosphoprotein phos- 
phatase of frog eggs but he believed that pH 
of the yolk was that factor. Johnson and Al- 
bert(5) suggested that a specific inhibitor 
might exist in mammalian tissues, but the hy- 
pothesis obviously requires direct experi- 
mental support, particularly in view of Fein- 
stein’s unsuccessful attempt to demonstrate 
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such an inhibitor in rat intestine(8). 

Summary. Total phosphoprotein phospha- 
tase activity of rat uterus increases in re- 
sponse to estrogen as uterine weight increases, 
but activity/g fresh tissue does not change 
appreciably. Aminopterin administered si- 
multaneously with estrogen inhibits the in- 
crease in total activity/uterus as it inhibits 
uterine weight increase. The changes in en- 
zyme activity could not be correlated with 
changes in uterine phosphoprotein and the 
possible existence of a phosphatase inhibitor 
was discussed. 
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Ramon E. Fry, Joun B. ALLrep, Leo S. JENSEN AND JAMES McGINNIS 
Department of Poultry Science, State College of Washington, Pullman. 


Fry et al.(1) showed that feeding value of 
barley for chicks was not improved greatly 
by removal of the fibrous hull through pearl- 
ing. Results on metabolizable energy con- 
tent analysis (with chicks) of barley and 
pearled barley obtained on material sent from 
our laboratory showed that pearled barley 
contained less metabolizable energy than reg- 
ular barley.t These findings suggested that 
the carbohydrate in barley, aside from crude 


* Scientific Paper No. 1590. Washington Agric. 
Exp. Station, Pullman Project No. 1291. 

+ The authors are indebted to Dr. F. W. Hill of 
Cornell University for determination of the metabo- 
lizable energy values. 


fiber, is much less available than similar car- 
bohydrates in corn. Studies were undertaken 
to determine whether the nutritional value of 
barley could be improved by different treat- 
ments. The results obtained in 2 of these 
experiments are here presented. 


Procedure. As the basis of a working hy- 
pothesis, it was assumed that the lower nu- 
tritional value of barley could be due to a 
number of reasons such as: (1) Presence of 
an inhibiting substance or substances; (2) 
existence of structural linkages in the carbo- 
hydrates of barley that are not attacked by 
enzymes endogenous to the chick; or (3) out- 
right deficiency in carbohydrate content of 
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barley. The third possibility did not seem 
logical since the proximate analysis of barley 
or pearled barley indicates that this grain has 
as much or more carbohydrate than corn. It 
was decided, therefore, to select a treatment 
which might destroy or counteract inhibitors 
or alter the structure of the carbohydrates. 
McGinnis and Polis(2) showed that simple 
water treatment of linseed oil meal markedly 
improved nutritional value of this protein sup- 
plement. This improvement was later shown 
by Kratzer(3) to be through the inactivation 
of a pyridoxine antagonist. A water treat- 
ment of pearled barley was, therefore, under- 
taken. It was also felt that such a treatment 
might alter the carbohydrates in barley by 
permitting action of enzymes contained in 
the grain. Coarsely ground pearled barley 
was mixed with an equal weight of tap water 
(40°C) and allowed to stand at room temper- 
ature (21°C) approximately 8 hours. By 
the end of this time all of the water was ab- 
sorbed by the grain. The wet barley was then 
spread on trays to a depth of one to 2 inches 
and placed in a forced draft electric oven at 
70°C for approximately 15 hours, or until 
dry. It was then ground in a hammer mill 
through a 1% inch screen. No attempt was 
made to prevent or retard microbial action 
during the above treatment. Similar pro- 
cedures were used in conducting the 2 chick 
experiments. Three replicate groups of 10 
New Hampshire chicks each were fed each 
diet in Exp. 1, with the exception of the 
water treated pearled barley diet in which 
only 2 replicates were used. In Exp. 2, 3 
replicate groups of 9 chicks each were given 
the experimental diets. The chicks were 
maintained from day-old to 4 weeks in elec- 
trically heated batteries with wire screen 
floors. Feed and water were supplied ad libi- 
tum. Composition of the diets for each study 
was the same except for the grain component. 
The percentage composition of diets was as 
follows: Grain (corn or pearled barley), 64.2; 
soybean oil meal (50% protein), 24.3; her- 
ring fish meal, 5.0; dehydrated alfalfa, 2.5; 
bone meal, 2.5; limestone, 0.5; salt, 0.3; pre- 
mix, 0.7. The premix supplied the following / 
pound of diet: vit. A, 1200 I.U.; vit. D, 200 
I.U.; vit. E, 5 I.U.; riboflavin, 2 mg: Ca 
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TABLE I. Effect of Water Treating Pearled Bar- 
ley on Chick Growth and Feed Efficiency. 


Avg wt at 4 wk Feed/gain 
By By 
By treat- By treat 
Grainin diet replicate ment replicate ment 
Exp. 1 
Corn 365 1.87 
364 363* 1.95 ies 
361 WD 
Pearled barley 299 2.19 
309 306 2.25 2.31 
310 2.50 
Water-treated 406 1.72 
pearled barley 431 420* fill Veet 
Hap. 2 
Corn 382 1.91 
381 383* OT UXO 
387 1.99 
Pearled barley 332 2.39 
325 319 2.21 2.30 
300 2.31 
Water-treated 394 Ue, 
pearled barley 401 388* 1.75 Sea 
368 1.80 


* Significantly better (P <.01) than untreated 
pearled barley. 
+ Idem than corn. 


Pantothenate, 4 mg; niacin, 7 mg; choline 
Cl, 400 mg; penicillin, 2.5 mg; methionine, 
227 mg; MnSQ,, 60 mg; Butylated hydroxy 
toluene, 57 mg. 

Results. Table I shows outline of experi- 
ments and the results obtained on chick 
growth and feed efficiency. The values are 
given for replicate groups and also for treat- 
ment averages. The improvement in nutri- 
tional value of pearled barley by water treat- 
ment was very striking in both experiments. 
The results show that treated pearled barley 
was equal to corn for supporting chick growth. 
Feed efficiency for the diet containing treated 
pearled barley was significantly better than 
for corn (P<.01). Both diets gave sig- 
nificantly better growth and feed efficiency 
than the diet containing untreated pearled 
barley. The data were analyzed by Duncan’s 
Multiple F test(4) and by the modification 
of Kramer(5). 

Discussion. The marked improvement in 
nutritional value of pearled barley by the 
water treatment described was probably 
caused by increased availability of energy. 
Previous results(1) have shown that addition 
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of tallow to similar diets containing untreated 
pearled barley gave chick growth and feed 
efficiency almost comparable with a diet con- 
taining corn. The possibility that an inhibit- 
ing substance was destroyed by the treatment 
cannot be eliminated, since appropriate ex- 
periments have not been conducted. 
Summary. The results obtained in 2 inde- 
pendent experiments demonstrated that a 
simple water treatment of pearled barley 
markedly improved the nutritional value of 
this cereal grain. Treated barley was equal 
to corn for chick growth. The diet containing 
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treated pearled barley gave significantly bet- 
ter (P<.01) feed efficiency than the diet con- 
taining corn or untreated pearled barley. 
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Be Imo, (6, N44 Woh, WOK, Wilt, Or 


Received March 19, 1957. P.S.E.B.M., 1957, v95. 


Immunogenicity of Poliomyelitis Vaccine Prepared with Ultraviolet 


Irradiation and Mild Heat.* 


(23184) 


Howarp J. SHAUGHNEsSY, ALBERT M. Worr, Martua JANoTA. JOHN NEAL, FRANZ 
OPPENHEIMER, ALBERT Mitzer, HENRY NAFTULIN AND Ricuarp A. Morrissey 
Michael Reese Research Foundation, Ill. Department of Public Health, University of Ill. 
College of Medicine and Dept. of Microbiology, Michael Reese Hospital, Chicago. 


In previous reports(1,2) it was demon- 
strated that poliomyelitis vaccines produced 
by inactivation with ultraviolet irradiation 
alone or in combination with heat were safe 
and effective when used in human volunteers. 
In this paper, experiments showing effects of 
varying intensities of ultraviolet irradiation 
with and without subsequent exposure to mild 
heat on inactivation of poliomyelitis virus 
and on antigenicity of the resulting vaccine in 
animals, are presented. 

Material and methods. The vaccines were 
prepared from poliomyelitis virus propagated 
in monkey kidney tissue culture. Some pre- 
liminary work was done with vaccines made 
from virus grown in our laboratories; how- 
ever, the bulk of the virus preparations used 
to prepare vaccines for this study was sup- 
plied by Parke, Davis and Co. and contained 
Mahoney (Type I), MEF-1 (Type II), and 
Saukett (Type III) strains. The material, 
except in one experiment, was irradiated as 
trivalent pools after preliminary studies had 
demonstrated that all 3 types of virus were 
essentially equally susceptible to ultraviolet 


* This study was aided by grant from U.S.P.HS. 


irradiation, as shown in Table I. Just prior 
to initial irradiation the virus suspensions 
were filtered through a series of sintered glass 
filters (coarse, medium-fine and ultra-fine). 
In cases where 2 irradiations were employed 
in series (see below), an intermediate fine 
sintered glass filter was used. The irradiation 
was carried out in centrifugal filmers de- 
scribed in detail elsewheret(3). Two filmers 
were connected in series in such a manner 
that samples could be taken after the virus 
suspensions had passed through one or both 
of them. The quantity of ultraviolet energy 
absorbed/ml of virus suspension was varied 
by passing the respective materials through 
the machine(s) at different rates. While ex- 
posure time is relatively constant, the net 
biological effect produced by irradiation is 
dependent upon a number of factors, dis- 
cussed elsewheret(1,3). At a flow rate of 
200 ml/minute in the particular machine 
used, the film thickness is about 18 ». An 
increase in flow rate results in an increase in 
film thickness, thereby reducing the quantity 
of energy absorbed per unit. volume irradi- 


+ To be published. 


252 ULTRAVIOLET IRRADIATED POLIOMYELITIS VACCINE 
TABLE I. Titers of Poliomyelitis Virus Strains before and after Ultraviolet Irradiation.* 


; > iter ¢ - irradiation? at 
Titert before == ‘Miter atteniradrab t at ——— 


Virus strain irradiated irradiation 25 watts 20 watts 15 watts 10 watts 
Typel (Brunhilde) 6.8 es 1.1 a 4.4 
I (Parker) 6.7 6 AY) 2.6 4.1 
II (MEF) 6.8 1.0 1.5 3.5 4.4 
IIL (Saukett) 7.0 fell 1.5 3.0 3.7 


* Table based on several experiments with each strain of virus, using 0.5 ml inoculation per 
tube of tissue culture, 10 tubes per level, log dilution series. 

+ TCID., (0.5 ml inocula) in monkey kidney tissue tube cultures. 

t Irradiation in Centrifilmer at rate of 600 ml/min. 


TABLE II. Irradiation Titration-Poliomyelitis Virus in 199 Fluid. 
a 


Post irradiation titration—————_, 


-——lrradiation technic = 


Initial No. Tubes* Bottlest 
titer ml/min. Watts machines Undil. Ox 107 AOS 
Tall 200 20 a 0/30 0/5 
6.0 4 a 2 0/20 0/3 
7.9 400 4 2 0/5 
7.2 600 a 2 0/10 3/3 
6.0 a 15 2 0/10 BD 
6.1 800 20 2 0/10 2/5 
6.2 1,000 a 2 2/10 0/10 iWAl 
7.9 400 a 1 3/ 5 2/10 0/10 
xl 800 Me 1 10/10 7/10 1/10 0/10 
7.2 600 = 1 10/10 10/10 4/10 
6.2 1,000 z 1 5/ 5 5/5 38/5 0/5 
6.0 600 15 1 10/10 yf sy yh bs if & 

* 0.5 ml inocula/tube. t 50 ml inocula/32 oz bottle. 

ated. Flow rates of from 200 to 1,000 ml/ Results. Table III gives the results of po- 


minute were employed and the virus suspen- 
sion was passed through either 1 or 2 ma- 
chines at these rates. The titers of the re- 
sulting irradiated suspensions are shown in 
Table II. In most studies here reported, 50 
ml/inocula/bottle were used in the safety 
tests. Subcultures were made from each bot- 
tle to at least 10 tubes of tissue culture after 
the bottles had been incubated 7 and 14 days, 
respectively. Since no chemicals were added, 
it was not necessary to dialyze the irradiated 
samples prior to performing safety tests. Po- 
tency tests of vaccines were made in mice and 
monkeys by the methods described in ‘‘Mini- 
mum Requirements: Poliomyelitis Vaccine” 
—Ist Revision, April 12, 1955, by the Nat. 
Inst. H. Antibody titrations of the animal 
sera were made in monkey kidney tissue cul- 
tures, using the roller tube technic(4) or the 
metabolic inhibition procedure(5). Our own 
standard reference serum was used in most 
of these titrations. Titers are expressed in 
terms of the 50% end point of serum dilution 
in all cases. 


tency tests in mice or monkeys and safety 
tests on lots of vaccines prepared by irradia- 
tion alone. The mouse potency results shown 
in this Table and those in Table IV are the 
titers in mice which had received the undi- 
luted vaccine. The monkey potency results 
are the arithmetic means of the titers of in- 
dividual monkey serums. 

It would appear from the results shown in 
Table III that the virus suspensions exposed 
at the rate of 200 ml/minute may have been 
over-irradiated to a point where antigenicity 
was impaired. However, increasing the flow 
rate in each of 2 machines to 400 ml/minute 
did not appreciably improve potency. With 
flow rates of 600 ml/minute or higher residual 
live virus was found when 150-250 ml 
amounts of vaccine were tested in tissue cul- 
ture regardless of the wattage employed. 

It was then decided to try a combination of 
irradiation and mild heat to produce inactiva- 
tion. Table IV gives the results of safety and 
potency tests of experiments in which combi- 
nations of ultraviolet energy, as established 
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TABLE III. Immunogenicity of Vaccine Inactivated by Ultraviolet Irradiation Alone. 


—— 
————————_————OOOOOOOOOOOOOOOOOeeleleeeee————— 


Mouse Monkey 
Trivalent Flow Exposure to Post irrad. potency potency 
Exp. titer, rate, ultraviolet, TC-titer types types 
No. pre-irrad. ml/min. watts* Tubes§ Bottles! 1 Ah AOE i ae JUL 
i til 200 20-20 0/30 0/5 8 8 256 ZeLOS 
Controlt 4 8 3 Oo © © 
5 6.0—6.7+ 0/20 0/3 GHG 4 
Control 8 8 8 
Uk 7.0 a 0/2 4 4 4 
Control 8 8 8 
11 AS) 400 0/5 4 64 4 18 45 5 
Control 4 4 16 
12 1.9 600 a 0/10 3/3 


* 20-20 signifies that material was subjected to 2 sequential irradiations, with 20 watts of 


incident energy used in each irradiation. 


+ Undiluted formalized control vaccine, supplied by Parke, Davis and Co.: Used in all ex- 


periments. 
t+ Range of monovalent titers. 
§ Tissue culture 0.5 ml/tube. 
| a 25-50 ml/bottle. 


by flow rates through one or two filmers, are 
followed by holding the suspensions at 37- 
40°C for 3 to 20 days. The potency data do 
not allow an accurate comparison between the 
several experimental lots because the pre- 
irradiated suspensions were not identical in 
all essential respects, especially in titer. How- 
ever, the results would suggest that the anti- 
genic potential of the vaccines produced by 
inactivation with ultraviolet and heat compare 
favorably with the formalin control vaccine. 
Virus suspensions which had been inacti- 
vated by exposure to irradiation and mild 
heat for short periods of time, such as 5 days 
at 37°C were tested for “reactivation” by ex- 
posure to mild heat for additional periods of 
3 to 5 days. Reactivation did not occur un- 
der our conditions; indeed exposure to heat 
acts as an inactivating agent rather than as a 
reactivating process. It was also found that 
exposure to mild heat for as long as 5 days 
after active virus had disappeared, did not 
cause a significant reduction in antigenicity. 
This indicates that a margin of safety of sev- 
eral days’ duration can be employed in the 
inactivation process without impairing anti- 
genicity. There is evidence(6) that mild 
heat alone does not produce a killed polio- 
myelitis virus vaccine with satisfactory anti- 
genicity. Apparently, marginal lethal levels 
of ultraviolet may leave some virus particles 
viable but injured and incapable of survival 


if held at temperatures of 37° to 45°C for a 
few days. On the other hand, virus particles 
remaining viable after irradiation are inacti- 
vated very slowly if placed at 5°C. 

Three of the lots of vaccines were retested 
in animals after storage at 4°C. The results 
(Table V) indicate only slight antigenic de- 
terioration in vaccines TV8 and TV9 after 
storage for 6 and 7 months, respectively. 
Type 1 and 3 components of vaccine TV7 
seemed to have deteriorated somewhat more 
during a storage period of 10 months but 
there was still a fair amount of antigenicity 
present. 

Discussion. ‘The results presented give ca- 
pacity of ultraviolet irradiation to destroy cy- 
topathogenic capacity of polio virus under 
certain experimental conditions. It was found 
that, if sufficient ultraviolet energy was used 
to destroy completely the cytopathogenicity 
of the virus for monkey kidney cells, the anti- 
genic potential was reduced. However, as 
was shown previously(1), such vaccines still 
retain the capacity to induce an immune re- 
sponse in humans. 

Since the safety tests used to establish the 
non-cytopathogenicity of inactivated polio 
virus have been made more critical(7), it ap- 
peared reasonable to attempt to use combina- 
tions of inactivation procedures. Inactivation 
of viruses by means of ultraviolet irradiation 
alone is a physical method and, logically, the 
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TABLE IV. Immunogenicity of Vaccine Inactivated by Ultraviolet Irradiation and Mild Heat. 


Mouse Monkey 
Trivalent Flow Exposureto Daysof mild Safety test potency potency 
Exp. titer, rate, ultraviolet, heat after mild types types - 
No. pre-irrad. ml/min. watts* 37°C 40°C heatt I IM DOC Lie eet 
11 TY) 400 20 5 0/1 16 64 8 44 93 69 
Y 20-20 5 0/3 4 64 4 4 102 8 
é 10 4 32 4 4 74 4 
Controlt 4 4 16 
12 is) 600 20 10 0/2 16 64 32 18 525 212 
a 20-20 5 0/5 32 32 £64 ig) aS ak! 
Controls 4 4 32 65 290 130 
es 64 32 256 
14 6.1 800 20 20 0/5 8 32 32 
af 20-20 5 is 8 32 32 8 35 1 
ce 3 0/2 Si OneeLG 
Control{ f 8 16 12 «64 4 
16{ 6.0 600 20 10 0/5 64 128 128 
‘ 10-10 10 ¥ 64 128 64 
Control 8 64 128 
17{ 6.2 600 20 10 0/5 64 128 64 
io 20-20 3 2 
” ” 5 ” 
Ks * 8 4s 16 256 64 
Control] 16 64 128 
18] Coal 600 20-10 7 0/45 16 16 32 
Control 16 64 By 


* Hach individual number signifies incident energy of irradiation; single number indicates one ir- 
radiation; double number, 2 irradiations; see footnote * Table III. 

t In tissue culture bottles, 50 ml per bottle: Bottles negative cytopathogenically/bottles inoculated. 

{ Undiluted formalinized vaccine, supplied by Parke, Davis and Co., unless otherwise indicated, used 
in all experiments. 

§ Control vaccine ({) diluted 1:4. 

|| Live virus suspension diluted 1:5. 

{ Both test vaccine and control vaccine (¢) diluted 1:4. 


combination of ultraviolet irradiation and an- TABLE V. Stability of Vaccines Stored at 4°C. 
Antibody titers (mouse). 


other physical method, incubation, was © = 
studied in these experiments. The results in- Vaccine Monthsof Dilution Vagus abe 
dicate that exposure of virus suspensions to nS BRIE Go eos 7 ocean 
ultraviolet energy sufficient to reduce the ini- TV7 0 Undil. Beet 
tial titer 4 to 6 logs, followed by incubation, i Pe <e i 
appears to produce satisfactory vaccines. 10 Sr A 8)  1é 
The reasons for the effectiveness of the 1: 5 4 4 16 
ultraviolet-mild heat combination in produc- ae e Pe 
ing a non-cytopathogenic suspension are not : Riga 2 oF ee 
entirely clear. It may be that secondary in- 1:25 8 16 4 
activation is responsible and that this pro- 7 Undil 16 32 32 
ceeds more rapidly at temperatures of 37° 1: 5 2 LOS 
to 45°C. An alternative hypothesis is that Mee : : : 
virus particles which are altered(8) or in- 2 e pee) Bane 
jured by the ultraviolet, but not completely 1:25 i 4 i 
killed, more rapidly become non-cytopatho- 6 Undil. 165 320 eee 
genic at the incubator temperatures. Of ee Sse 
course, other explanations are possible, and =e : ‘ s 
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subsequent work in progress is designed to 
explore them. 


Summary. 1. Poliomyelitis virus of high 
titer in the form of a freshly filtered tissue 
culture preparation, can be inactivated by 
ultraviolet irradiation in centrifugal filmers. 
2. Inactivation of the virus preparations by 
a combination of ultraviolet irradiation and 
exposure to mild heat for several days yields 
vaccine of good potency. In this procedure 
there is a margin of safety between complete 
inactivation and appreciable loss of anti- 
genicity. 3. Experience thus far indicates a 
degree of consistency and reproducibility for 
the method described. 4. Vaccines made by 
a combination of ultraviolet irradiation and 
mild heat appear to retain their antigenicity 
for at least 7 months. 
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Bruised Tissue. I. Biochemical Changes Resulting from Blunt Injury.* 


(23185) 


Mostara K. Hampy, FrepD E. DEATHERAGE, AND GEORGE Y. SHINOWARA 
Departments of Animal Science, Agric. Biochemistry, and Pathology, Ohio State University, 
Columbus, and Ohio Agric. Exp. Station, Wooster. 


A bruise is a tissue injury without lacera- 
tion usually produced by a blunt object re- 
sulting in rupture of the vascular supply and 
accumulation of blood and fluid. The accu- 
mulated blood undergoes, during the healing 
process, various physical and_ biochemical 
changes, represented by the color alteration 
characteristic of a bruise. Williamson(1) 
stated that the biochemical studies on wounds 
and wound healing have been devoted to the 
metabolism by the injured organism and the 
determination of the character and metabo- 
lism of certain proteins and polysaccharides 
of the wound area. In this report studies 
were undertaken to investigate the nature of 
some of the physical and biochemical changes 
occurring during the healing process of a 


* Published with approval of Associate Director, 
Ohio Agri. Exp. Station. Journal Article No. 60-56. 
Supported by grant of Farmer Cooperative Service, 
U. S. D. A. The Rapid Scanning Spectrophotometer, 
purchased by N.I.H. Grant. 


bruised tissue. 

Materials and methods. Bruising and 
sampling. Fifty-five cattle were used. The 
areas to be bruised and symmetrically located 
control areas were clipped and shaved. In- 
jury was inflicted by 2 blows of a 7 pound 
sledge hammer over 3 feet in one-half second. 
(The degree of injury inflicted experimentally 
was less than that often sustained by cattle 
due to falls or contacts with other animals 
and sides of vehicles while in transit.) Ob- 
servations were made of the bruised area for 
9 days after injury. At various intervals ani- 
mals were slaughtered and the bruised and 
control. areas were excised, sliced, minced, and 
subjected to various chemical and physical 
studies. Easily split iron (E.S.1.). The tis- 
sue sample was homogenized with 0.4% HCl 
and incubated 24 hours at 37°C(2) and the 
E.S.I. was determined as the ferrous com- 
pound of o-phenanthroline(3). Pigment ex- 
traction. Saline, buffered to pH 7.4 and con- 
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TABLE I. Iron* and Non-Protein Nitrogen Contents of Bruised Cattle Tissue as Related to 
Gross Appearance and Time. 


Appearance 


Age of re External 5) Fluid \ No. of mg/100 g Beene 
bruise Swelling Color Vol Color samples Tron N.P.N. 
Contr — Normal — Normal 30 254.07 650+18 
cae ++ Dark red ao Red 4 .30 + .03 560 + 20 
2 days +++ Idem +t+ Dark red 4 32+ .04 460+15 
2 +--+ Light green- 4+ Brown-yellow 5 46+.05 410413 
purple 
4 + Yellow-green- + Yellow-orange 3 50+ .04 320+12 
purple 
5 — Orange + Idem 5 57+ .05 1402 8 
6 — Shght orange 35 Slight yellow 3 22+ 04 200+ 12 
7 — Normal — — 3 25+ .06 240 +10 
8 ~ P — -- 2 27+ .05 500+18 
9 — = as 2 Byisedis, (AES Als 


* ¢¢Wasily split iron.’’ 


+ Control (normal) tissues from symmetrically located areas as the bruises, 


t Mean + S.D. 


taining 1% normal human serum albumin, 
was used for extraction of some of the pig- 
ments present in the bruised and control tis- 
sues, followed by chloroform extraction. 
Hemoglobin and bilirubin. The American 
Optical Rapid Scanning Spectrophotometer 
was used for qualitative studies of these pig- 
ments in saline and chloroform extracts. The 
concentrations of hemoglobin and_ bilirubin 
in the saline extract were determined (4) 
using a Beckman D.U. spectrophotometer. 
Bilirubin concentration in the chloroform ex- 
tract was determined spectrophotometrically 
at 450 mu. Non-protein nitrogen (N.P.N.). 
A modification of the Miller and Miller(5) 
procedure was used for determination of the 
N.P.N. in the saline extract. 

Results. In Table I are recorded observa- 
tions of bruises inflicted on cattle using the 
technic described. It is evident that the mean 
concentration of iron (E.S.I.) in bruised tis- 
sue rose immediately up to and over the con- 
trol level (0.25 mg %) in 4-5 days after in- 
jury and then decreased to reach the control 
level within 7-9 days, at which time the bruise 
had apparently healed. The non-protein 
nitrogen, on the other hand, decreased from 
the control level of 650 mg% to 140 mg% 
in 5 days, but rose abruptly to the control 
value in 9 days. 

Of the total pigment in exsanguinated nor- 
mal muscle tissue, myoglobin is quantita- 
tively the most important(6), whereas hemo- 


globin represents only approximately 10% 
(7,8). Therefore, the data given in this pa- 
per for normal (control) tissue are for both 
myoglobin and hemoglobin. Fig. 1 represents 
typical spectrophotometric absorption curves 
of saline extracts of normal and of 5-day-old 
bruised tissue samples. Both extracts differ 
in several ways. The greater absorption at 
560 and 575 mp (corrected for absorption 
curve of the didymium glass standard) of 
bruised tissue extract than that of normal tis- 
sue, is attributed to increase in hemoglobin 
concentration. The plateau at 600-640 mu 
in bruised tissue extract suggests the presence 
of alkaline hematin which is absent in the 
control extract. The absorption spectrum of 
a pure bovine hemoglobin is shown in Fig. 2 
for comparative purposes. 

After the presence of hemoglobin in the 
bruised tissue was established it was decided 
to follow quantitatively its changes during 
the healing process. The results (Table II) 
indicate that extra-stromal hemoglobin con- 
centration increased immediately following 
bruise infliction, followed by a decrease to 
reach the level of normal tissue upon com- 
plete healing. It appears therefore that any 
increase in red pigment in bruised tissue com- 
pared to that of the control, is due primarily 
to hemoglobin and traces of hematin. Ap- 
parently there is very little change in myo- 
globin concentration due to bruising. 

The concentration of the yellow pigments, 
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TABLE II. Relation between Extra-Stromal Hemoglobin and Bilirubin Concentrations in 
Bruised Cattle Tissue. 


Concentration in mg/100 g tissue 


Myoglobin and 


-——_ Yellow pigments as bilirubin ———_, 


hemoglobin Total Bilirubin 
Age of bruise Control Bruised Control Bruised Control Bruised 
15 min. 52.5 180.2 .76 43 -00 .00 
2 days 42.4 82 2.28 i 1.40 
3 40.6 45 4.17 3.52 
4 60.2 86 4.30 ; 3.89 
5 57.5 .67 2.36 if 1.90 
7 (als 32 1.80 1.39 
8 78.2 50 2.20 : 1.30 
9 60.2 40 0 x .20 


representing the total of that found in both 
the saline and chloroform extracts, was then 
determined spectrophotometrically with C. P. 
bilirubin (Eastman) as a standard. The re- 
sults obtained on control and bruised tissues 
are recorded in Table II. It can be seen 
that total yellow pigments in normal tissue 
ranged from 0.32 to 0.86 mg/100 g, while 
that of bruised tissues increased to 4.3 within 
4 days of injury, followed by a rapid decrease, 
to reach the normal tissue level. Total bili- 
rubin was then determined chemically by the 
van den Bergh reaction on the saline and 
chloroform extracts of control and bruised tis- 
sue: The results are shown in Table II. It 
is evident that control tissue extract did not 
contain bilirubin, per se, while its concentra- 
tion in bruised tissue extracts rose to 3.8 
mg/100 g tissue within 4 days after injury 
and then decreased to 0.20 mg/100 g by the 
ninth day. Therefore, the increase in total 
yellow pigments due to injury is attributed to 
bilirubin. This was confirmed by isolating 
the pigment as the barium salt: The free 
pigment had a maximum absorption at 450 
mp, identical to that of C. P. bilirubin. The 
yellow pigments in the normal (control) tis- 
sue must be substances other than bilirubin 
such as lipochromes, riboflavin and hemo- 
globin, all of which absorb light at 450 mp. 


Discussion. The increase of extra-stromal 
hemoglobin during early stages of healing of 
bruised tissue apparently resulted from de- 
struction of red blood cells which have es- 
caped from the circulation upon rupture of 
the capillaries. This increase of extra-stro- 
mal hemoglobin occurred along with an in- 
crease in iron (E.S.I.) content of bruised tis- 


ee 


OO 650 & 
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FIG. 1 (top). Spectrophotometric absorption 
curves of saline extracts of a 5-day-old bruise in 
cattle and a control (non-bruised) tissue from a 
symmetrically located area, first (top) curve, sa- 
line reference; second curve, control extract; third 
(bottom) curve, bruise extract. 

FIG. 2 (bottom). Spectrophotometric absorption 
curves of bovine hemoglobin. First curve, saline 
reference; second curve, hemoglobin solution, ap- 
proximately 70 mg/100 ml saline. 
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sue, indicating that this hemoglobin was cata- 
bolised in the tissue by release of its iron. 
No explanation is given for the drop of the 
N.P.N. in early stages of healing, but the 
higher concentration of this N.P.N. after 4-5 
days may be due to excessive tissue cata- 
bolism and degradation of the globin moiety 
of the hemoglobin molecule. Selye and Dosne 
(9) found that blood which passed through a 
damaged area contained a high concentration 
of free hemoglobin and N.P.N. The absence 
of bilirubin immediately after bruising the 
tissue and its rapid increase in 3 or 4 days 
followed by rapid decrease in concentration 
seem to indicate that this pigment is a degra- 
dation product from the catabolism of free 
hemoglobin. It should be stated that increase 
of bilirubin concentration coincided with in- 
crease of the orange color usually observed 
during the healing process of a bruise. The 
detection of hematin (Fig. 1) in the bruised 
tissue during healing seems to indicate that 
globin is first split off from the hemoglobin 
molecule giving rise to hematin. The latter 
loses its iron and appears to undergo oxida- 
‘tion resulting in the opening of the tetrapyr- 
rolic ring of the molecule in the a-position 
with loss of a-methyne bridge (-CH =) and 
formation of 2 hydroxyl groups at the end of 
the linear tetrapyrrolic’molecule. It is pos- 
sible that biliverdin is the first compound 
formed which may be reduced by the reduc- 
ing system of the tissues to form bilirubin as 
indicated by Lemberg and Wyndham(10). 
These physical and biochemical changes dur- 
ing healing of bruised tissues were also inves- 
tigated in 100 rabbits and the results followed 
the same pattern. The sequence of events re- 
sulting in the degradation of hemoglobin dur- 
ing healing of a bruised tissue is consistent 
with the data of im vitro experiments reported 
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by Lemberg and Legge(11). 

Summary. In experimentally — inflicted 
bruises of cattle, the greatest swelling and 
fluid volume occurred within 2 days. The 
maximum biochemical changes in bruised tis- 
sue were found on or about the fourth or fifth 
day: ‘These included a drop in N.P.N. to one- 
fourth of the control level and a 2-fold in- 
crease in the “‘easily split iron” concentration. 
Moreover, the 10-fold elevation in red pig- 
ment was due to extra-stromal hemoglobin. 
Bilirubin formation in bruised tissue has been 
demonstrated conclusively and the probable 
metabolic derivation of this pigment is dis- 
cussed. Although healing was evident grossly 
in 7 days, the biochemical values did not re- 
turn completely to the control levels until the 
ninth day. 
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Gastrointestinal Absorption with Oleic Acid-[)*! and L-Methionine-S** in 


Patients with Ulcerative Colitis.* 


(23186) 


Davin J. SANDWEISS AND STANLEY H. Levy 
Division of Medicine, Sinai Hospital, Detroit, Mich. 


Several studies have been reported point- 
ing to possible impairment of small bowel 
absorption in patients with ulcerative colitis 
(1-5). These studies employed the closed in- 
testinal loop technic or tolerance tests, or 
dealt with percentage loss of nitrogen in the 
ileal discharge. As to the increased outputs 
of nitrogen and of amino acids in the feces of 
patients with ulcerative colitis, (with intact 
colons), several observers(6-8) suggested that 
the increase appears attributable to excess 
exudate and blood from the colon rather than 
to unabsorbed proteins. Ruffin et al.(9) 
studied 8 patients with ulcerative colitis using 
an I?*! Jabeled fat (glycerol trioleate). They 
reported that the average values of the blood 
were well within normal limits in each of the 
8 patients, as was also the radioactive fat ma- 
terial in the stool. 


In the present study we employed oleic 
acid-I'*! and l-methionine-S*° as test material 
for absorption. By use of basic food sub- 
stances we minimized, or eliminated com- 
pletely, the digestive influence required with 
whole food substances. As noted previously 
(10) our data suggest that patients with ul- 
cerative colitis might have impairment of ab- 
sorption of oleic acid and methionine, more 
especially methionine. 


Method. All subjects were hospital in- 
patients, except 2 patients with ulcerative 
colitis during stage of remission. Control 
subjects (16 subjects with 17 studies) were 
free from any gastrointestinal disease. The 
ulcerative colitis patients (21 patients with 
54 studies) were studied during different 
phases of the disease. In certain instances 
the same patient was studied during acute 
and mild phases of their illness and during 
remission. Six patients were studied with 
each tracer substance following ileostomy and 


* This study was done in cooperation with the 
Isotope Laboratory of the Department of Radiology 
in charge of Dr. Howard H. Feigelson 


colectomy. During active stages of the dis- 
ease the colitis patients were on standard sup- 
portive therapy (low residue, high caloric, 
high protein diet; antispasmotics or anti- 
cholinergic drugs; sedatives; azulfidine; vita- 
mins). Five patients were also on steroid 
therapy. The ileostomy-colectomy patients 
as well as those patients studied during the 
phase of clinical remission received no medi- 
cation. This report deals with 71 studies in 
37 subjects. 

Oleic acid-I'*! was administered in doses 
between 5 and 18 ype (usually 5-10) and 1- 
methionine-S*? in doses between 18 and 40 
pe (usually 18 to 22) dissolved in alcohol and 
water, respectively. These compounds were 
given at an interval of not less than 3 days, 
with methionine-S*? being given first. The 
test substance was administered orally at ap- 
proximately 8 a.m. on an empty stomach. 
The patients were fed a standard breakfast 
from 2 to 6 hours (usually 4 hours) after ad- 
ministration of test material. Each fecal 
sample was collected in individual container 
and in earlier studies quantity of radioactive 
material was determined in each sample. In 
later studies, feces for each 24 hour period 
through 72 hours was pooled and then ana- 
lyzed for activity. These specimens were 
diluted with sufficient water, homogenized 
with a Waring blender so that a roughly con- 
stant specific gravity was obtained (sp. gr. 
1.005-1.010). After noting the obtained vol- 
umes 3 ml aliquot was taken when counting 
I'3! activity and 2 ml aliquot when counting 
S*° activity. A standard, equal to the amount 
given, was set up for each patient and appro- 
priate calculations were made to determine 
percent of dose in each specimen. Individ- 
ual percentages were totaled to give the 72- 
hour figures. I**! activity in liquids was de- 
termined in a well-type scintillation counter 
for 3 minutes while S*° activity in liquids was 
determined with a thin-window TGC-2 Gei- 
ger tube for 10 minutes, utilizing constant 
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Control subjects and patients with 


72-Hour Feeal Excretion of I and S® following Administration of Oleic Acid-I'*! and Methionine-S”. 


TABLE I. 


(% of orally administered dose.) 71 studies. 
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(See also Batson, H. C., An Introduction to Statistics in the 


Burgess Publishing Co., 1956.) 


Medical Sciences. 


geometry. 

Results. 1. The data on fecal excretion are 
summarized in Table I. In the control sub- 
jects the fecal fraction of the administered 
dose was approximately the same for both 
1131 and S?°. 2. Fecal excretion of I'*+ was 
increased during the acute phase of ulcerative 
colitis as well as during the period of moder- 
ate relapse. The differences between these 2 
groups of patients and control subjects are 
statistically significant. However, the differ- 
ence in results between patients in remission 
and the control subjects is not statistically 
significant. 3. Fecal excretion of S*° was in- 
creased during the acute phase of ulcerative 
colitis. As the patients improved clinically, 
the excretion of S*° returned toward control 
values only slowly so that even during the 
remission stage, average fecal excretion of 
S*° was still more than twice the average 
control level. The differences in the re- 
sults between each of the 3 groups of pa- 
tients and that obtained in the control 
group are statistically highly significant. 
4. In 6 patients following ileostomy and 
colectomy, radioactivity of I'*! in ileal 
fecal excretion fluctuated considerably. The 
difference in results is statistically significant. 
However, in studies with S*° ileal fecal ex- 
cretion was consistently increased and the 
difference is statistically highly significant. 
Five of the 6 patients were in excellent health, 
with the ileostomy and colectomy having been 
performed from 19 to 58 months prior to the 
isotope studies; the 6th patient was still con- 
valescing from the operation which was per- 
formed 3 months previous to the study. 

Table II summarizes results obtained in 5 
colitis patients, each of whom was studied 
during different stages of the disease. The 
72-hour fecal S*° excretions decreased as the 
patients improved clinically. However, fecal 
radioactivity values failed to reach, at any 
time, the values obtained in control subjects. 
Such a consistent pattern was not observed 
with [2s 

Summary. Following oral administration 
of oleic acid-I**1 patients with ulcerative 
colitis showed increased fecal excretion of 
I'S" during the acute phase of the disease, but 
it returned toward control values as the pa- 
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TABLE If. I'* and S* Outputs in 72-Hour Stools 

in 5 Patients with Ulcerative Colitis Studied dur- 

ing Different Stages of the Disease with Oleic 
Acid-U and Methionine-S*®. 


Date Stage of 7% test dose 
Patient of study disease | S® 
S.C. 22 AIBA Acute 7.6 39.9 
3/6 Convalese. 9.6 17.6 
4/15 Remission 13.7 
*11/29 Acute 13.0 64.9 
3/26/51 Lleost.-colee. 12.1 ius 
CBS = ~9716/756 Mod. activity 6.3 23.6 
ee /anall Remission 9.9 12.5 
HJ 6/221: Acute 7.8 29.6 
sea by/ak Remission Oui 20.0 

PUK: 3/12 Acute 20.3 
Thee Ab z HG 
Sy Oya Remission 8.8 13.6 
Jie 11/ 2/56 Acute 51.6 
IV S/ Remission 17.6 

aya i 10.9 


* In these patients the methionine-S*® study was 
begun on the specified date and the 72-hr study 
with oleic acid-1** was begun 4 days later. 


tients improved clinically. Following admin- 
istration of methionine-S*°, fecal excretion 
of S*° increased during the acute phase of the 
disease to a greater degree than the excretion 
of I’. Also, as the patients improved clini- 
cally excretion in the feces returned toward 
control values only slowly, with the result 
that during the remission stage of the disease 


261 


excretion of S*° was still elevated and it was 
elevated in all ulcerative colitis patients 
studied to date including those with ileostomy 
and colectomy. 


It is a pleasure to express our gratitude to Mrs. 
Madeline E. Ranney for her technical assistance. 
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Multiplication of Eastern Equine Encephalitis Virus in Mosquitoes 


Following Intrathoracic Inoculation.* 


(23187) 


Roy W. CHAMBERLAIN AND W. D. Supia (Introduced by Morris Schaeffer) 
Communicable Disease Center, Public Health Service, U. S. Department of Health, Education and 
Welfare, Montgomery, Ala. 


Infection of mosquitoes with arthropod- 
borne encephalitis viruses by intrathoracic 
inoculation has been demonstrated(1,2).1 Be- 
cause minimal concentrations of viruses are 
sufficient to infect mosquitoes by this route, 
this method appears to be excellent for study- 
ing rates of virus development within mosqui- 
toes, uncomplicated by chemical or physical 


* This work was supported by contract with the 
Chemical Corps, Ft. Detrick, Frederick, Md. 


+ L. Whitman, personal communication. 


barriers to infection encountered in the diges- 
tive tract. 

In the present study the intrathoracic in- 
oculation technic was used to determine rate 
of multiplication of eastern equine encepha- 
litis (EEE) virus in Aedes triseriatus mosqui- 
toes. 

Methods. The mosquitoes used were Aedes 
triseriatus 3 to 6 days old. They were anes- 
thetized by 15 to 20 seconds’ exposure to car- 
bon dioxide gas immediately prior to inocu- 
lation. Method of inoculation was similar 
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TABLE I. Multiplication of EEE Virus in 4. tri- 
seriatus Mosquitoes following Intrathoracie Inocu- 
lation. 


Mouse i.¢. LD. recovered/mosquito fol- 


Hrs lowing inoe. with: 
incubation 300 mouse LD:, .3 mouse LD, 
0 50- 300 <5) 
8 300- 1,250 <30 
18 1,600 -16,000 <<Go) 
26 16 - 160* 30- 800 
42 Coys em OOO) Oa 16- 200* 
66 200 - 3,000* 60 - 600* 
90 160 - 1,000* 50 -1,600* 
168 200 - 1,000* 300 -2,000* 
1000) 


to that of Whitman.t A piece of 4 mm glass 
tubing was drawn out in a flame, then the 
drawn section was heated in a tiny flame and 
drawn out again. The tip was snapped off at 
approximately 75 » diameter. A piece of rub- 
ber tubing was attached to the undrawn end 
and infected fluid was drawn into the capil- 
lary by sucking on this rubber tubing. The 
fluid was ejected after insertion of the capil- 
lary tip into the side of a mosquito thorax by 
clamping the end of the rubber tube and 
squeezing the mid-part of the tube in the 
hand. The EEE virus strain used had been 
isolated from wild-caught mosquitoes(3) and 
had undergone 2 mouse brain, 1 chick em- 
bryo, and 7 serial mosquito intrathoracic pas- 
sages. Individual mosquitoes in 2 groups 
were inoculated intrathoracicly with approxi- 
mately 0.0003 ml each of either a 107+ or 10+ 
dilution of EEE-infected mosquito suspen- 
sion. The 10! inoculum contained approxi- 
mately 300 mouse intracerebral LDs5 9, and 
the 10+ inoculum, about 0.3 mouse intra- 
cerebral LD;59. Five mosquitoes of each 
group were then incubated at 80°F and 75% 
relative humidity for the following periods: 
O hr, § hrs, 18 hrs, 26 hrs, 42 hrs, 66 hrs, 90 
hrs, and 168 hrs. After incubation they were 
killed by freezing, ground individually in 1 
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ml of 25% normal horse serum in buffered 
water, pH 7.7, and titrated by intracerebral 
inoculation of .03 ml amounts into 3-week-old 
white Swiss mice. The amount of virus in 
each mosquito was calculated to be 33 times 
the titer of the 1 ml mosquito suspensions. 

Results. The results are given in Table I. 
Apparently nearly a 10-fold increase of virus 
occurred each 8 hours. About 8 to 9 eight- 
hour periods were required for the dilute- 
inoculum series to reach peak virus levels of 
approximately 1,000,000 - 2,000,000 mouse 
LD; 9 units per mosquito, while the concen- 
trated-inoculum series required only about 5 
of these periods. The nearly straight-line re- 
lationship between rates of virus multiplica- 
tion in the dilute- and concentrated-inocula 
groups suggests that no appreciable initial lag 
period followed inoculation and that multipli- 
cation occurred cyclically. Recovery of 
amounts of virus varying from 50 to 300 
mouse LD; ) from mosquitoes immediately 
following inoculation of an estimated 300 
LD; shows close approximation of dosages 
given. 

Summary. Known amounts of eastern 
equine encephalomyelitis virus were inocu- 
lated into the thorax of Aedes triseriatus 
mosquitoes. Individual mosquitoes were 
ground and tested quantitatively for virus 
content after various periods of incubation. 
Approximately a 10-fold increase in virus oc- 
curred every 8 hours until maximum virus 
levels were attained. 


1. McLean, D. M., Austr. J. Exp. Biol. and Med. 
SEES MOOS, A, SS. 

2. Hurlbut, H. S., Am. J. Trop. Med., 1951, v31, 
448. 

3. Chamberlain, R. W., Rubin, H., Kissling, R. E., 
and Eidson, M. E., Proc. Soc. Exp. Bior. anp Mep., 
1951, v77, 396. 
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Comparative Effects of Alpha-Tocopherol, DPPD and Other Antioxidants 


on Muscular Dystrophy in Guinea Pig.* 


(23188) 


R. SHULL, R. B. ALFIN-SLaATER, H. J. DEvEL, Jr.,t aNnp B. H. ERSHOFF 
Department of Biochemistry and Nutrition, University of Southern California, Los Angeles. 


Considerable data are available indicating 
that various antioxidants unrelated chemi- 
cally to the tocopherols can prevent various 
manifestations of vit. E-deficiency in experi- 
mental animals. Methylene blue, thionine 
and thiodiphenylamine, for example, were all 
active in promoting growth and preventing 
exudative diathesis in chicks fed a diet de- 
ficient in vit. E(1). Methylene blue and 
DPPD (N, N’-diphenyl-p-phenylenediamine) 
prevented encephalomalacia in chicks(1,2) 
and resorption gestation in rats(3-5) fed diets 
deficient in vit. E. Methylene blue was also 
active in preventing dystrophy in calves fed 
a diet containing cod-liver oil(6) while 
DPPD showed similar activity in preventing 
symptoms of stiff lamb disease and histologi- 
cal degeneration of the skeletal and cardiac 
muscles of lambs fed a diet deficient in vit. 
E(7). There is evidence to indicate, how- 
ever, that the above antioxidants will not 
completely replace vit. E in the diet but that 
the apparent tocopherol-like potency of these 
materials is due to their sparing effect on 
small residual quantities of vit. E in the diet 
and/or the body tissues. This is indicated 
by findings that the above antioxidants were 
devoid of vit. E activity as judged by the 
prevention of fetal resorptions when the diet 
was rigorously freed of tocopherol and the 
depletion period was extended(8,9). In the 
present communication further data are pre- 
sented on the comparative effects of alpha- 
tocopherol and various antioxidants on the in- 
cidence and time of onset of muscular dystro- 
phy in guinea pigs fed a highly purified diet 
deficient in vit. E. 

Procedure. The basal vit. E-free ration 
employed consisted of casein,+ 30%; corn- 


* This investigation was supported in part by 
grant from Muscular Dystrophy Assn. Communica- 
tion 429 from Dept. of Biochemistry and Nutrition, 
Univ. of S. Calif. 

+t Deceased April 17, 1956. 


starch, 20%; dextrose, 11%; sucrose, 10%; 
cellulose,’ 10%; salt mixture,|| 6%; lard, 
5%; agar, 5%; potassium acetate, 2.5%; 
and magnesium oxide, 0.5%. To each kg of 
the above diet were added the following vita- 
mins: thiamine hydrochloride, 16 mg; ribo- 
flavin, 16 mg; pyridoxine hydrochloride, 16 
mg; calcium pantothenate, 40 mg; nicotinic 
acid, 200 mg; biotin, 1 mg; folic acid, 10 mg; 
vit. Bys, 100 wg; 2-methyl-naphthoquinone, 
5 mg; para-aminobenzoic acid, 100 mg; ino- 
sitol, 2) g: choline ‘chloride; 2 ¢> -vitz As 
HOW) WES, wheres zy! swhe, IDEs, SOO) Wascle- 
units. The vitamins were added in place 
of an equal amount of cornstarch. Each 
guinea pig also received daily (6 times/ 
week) an oral supplement of 10 mg ascor- 
bic acid in 0.1 ml water. In _ prepara- 
tion of the diets the various ingredients 
(minus the agar and the lard) were thor- 
oughly mixed. The agar was dissolved in hot 
water (approximately 400 cc water/kg of 
dried diet), and the agar-water mixture was 
then mixed with the rest of the diet after 
which the lard was added. The mixture was 
then strained through an electric meat 
grinder and dried in an oven at a temperature 
of 110° to 120°F. In addition to the basal 
vit. E-free ration, tests were also conducted 
with animals fed the basal ration plus the 
following antioxidants: (1) 0.025% DPPD 
(N, N’ - diphenyl - p-phenylenediamine), (2) 
0.025% Santoquin (6-ethoxy-2,2,4-trimethyl- 
1,2-dihydroquinoline), and (3) 0.025% DBH 
(2,5-di-tert-butylhydroquinone). The above 
supplements were incorporated in the diet in 
place of an equal amount of cornstarch. Sixty 


+ Vitamin-free Test Casein, General Biochemicals, 
Chagrin Falls, O. 

§ Solka-floc BW 200, Brown and Co., Berlin, N. H. 

|| Salt Mix Wesson Modified (Osborne-Mendel), 
General Biochemicals, Chagrin Falls, O. 

| Stripped Lard, Distillation Products Industries, 
Rochester, N. Y. Tocopherol content of this mate- 
rial according to manufacturers is less than 5 ug/g. 
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female guinea pigs were selected, average body 
weight 224 ¢ (range 204 to 257 g). Animals 
were divided into 5 comparable groups of 12 
guinea pigs each. One group was fed the basal 
ration; a second group received basal ration 
plus an oral supplement of 5 mg a-tocopherol 
acetate/animal (in 0.1 ml propylene glycol) 
6 times weekly; the remaining 3 groups were 
fed the diets containing DPPD, Santoquin 
and DBH. Animals were placed in metal 
cages with raised screen bottoms (2 animals/ 
cage) and were fed the above diets and water 
ad libitum for 1 year or until death, whichever 
occurred sooner. Diets were prepared bi- 
weekly and were stored under refrigeration 
when not in use. Animals were fed on alter- 
nate days. All food not consumed 48 hours 
after feeding was discarded. These measures 
were employed to minimize oxidative changes 
in the diet. 

Results. For the first 12 weeks of feeding 
no significant differences in weight or gross 
appearance were observed between the vari- 
ous groups. All animals survived and were 
indistinguishable grossly from guinea pigs of 
a similar age which had been fed a natural 
food stock ration. The average body weight 
after 12 weeks of feeding on the various diets 
was as follows: basal ration, 506 g; basal ra- 
tion plus alpha-tocopherol acetate, 537 g; 
basal ration plus DPPD, 534 g; basal ration 
plus Santoquin, 545 g; and basal ration plus 
DBH, 510 g. Animals of a comparable age 
on the natural food stock ration averaged 589 
g. During the 13th week, 3 of the guinea pigs 
on the basal vit. E-free ration developed clini- 
cal symptoms of dystrophy (dragging of the 
hind limbs and delayed righting when the 
animals were placed on their back). At this 
time the 3 dystrophic animals and one non- 
dystrophic animal from this group and 4 
guinea pigs from each of the other groups 
were autopsied and sections of the gastroc- 
nemius muscle were prepared for histological 
study. The dystrophic animals exhibited the 
typical Zenker degeneration noted by Pap- 
penheimer(10) and others as characteristic of 
the dystrophic voluntary muscles of vit. E- 
depleted animals. The musculature of the 
other animals appeared normal in all respects. 
In contrast to results obtained on the basal 
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TABLE I. Comparative Effects of Alpha-Tocoph- 

erol Acetate, DPPD and Other Antioxidants on 

Incidence and Time of Onset of Muscular Dys- 

trophy in Guinea Pigs Fed a Vit. E-Deficient Ra- 
tion (8 Animals/Group). 


Avg time 
Supplements fed Incidence of of onset of 
with basal vit. E- dystrophy dystrophy* 
deficient ration (%) (days) 
None 100 139 
a-tocopherol acetate 0 
DPPD 62.5 235 
Santoquin 87.5 182 
DBH 100 231 


* Data were based only on animals with dys- 
trophy. 


vit. E-free ration, animals fed diets contain- 
ing DPPD, Santoquin or DBH did not de- 
velop clinical symptoms of dystrophy until 
after the 25th week of feeding, whereas no 
dystrophy occurred in any of the animals 
administered alpha-tocopherol acetate. Re- 
sults are summarized in Table I. 

Findings indicate that DPPD, Santoquin 
and DBH delayed but did not prevent oc- 
currence of dystrophy in guinea pigs fed a 
highly purified diet deficient in vit. E. In 
contrast to the results obtained with these 
antioxidants, alpha-tocopherol acetate was 
fully protective in this regard. Since the 
basal diet employed in these studies was free 
of vit. E and contained no cod-liver or other 
highly unsaturated oils, it would appear that 
the delay in onset of dystrophy on diets con- 
taining DPPD, Santoquin and DBH was due 
not to the sparing effect of these antioxidants 
on residual quantities of vit. E (which is 
readily destroyed in the presence of unsatur- 
ated fats, particularly fish oils) in the diet but 
rather to the sparing effect of these antioxi- 
dants on vit. E in the tissues. Findings sug- 
gest that as long as tissue stores of vit. E were 
adequate, dystrophy did not occur. Once tis- 
sue stores of this vitamin were depleted, how- 
ever, the above antioxidants were ineffective 
in preventing dystrophy in contrast to the 
continued effectiveness of alpha-tocopherol 
acetate in this regard. 

Summary. DPPD, Santoquin and DBH 
delayed but did not prevent the occurrence of 
muscular dystrophy in guinea pigs fed a 
highly purified diet deficient in vit. E. In 
contrast to these results, alpha-tocopherol ace- 
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tate was fully protective in this regard. 
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Adaptation of ECHO Viruses in HeLa Cells; Their Use in Complement 


Fixation.* 
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ITALO ARCHETTI, JEAN WESTON, AND HERBERT A. WENNER 
Department of Pediatrics and Hixon Memorial Laboratory, University of Kansas 
School of Medicine, Kansas City. 


The adaptation of ECHO prototype viruses 
(1) or primary isolation of ECHO viruses in 
cultures of HeLa cells has not been reported 
previously. Twelve of the original 13 ECHO 
viruses have been propagated successfully in 
cultures of HeLa cells maintained in this lab- 
oratory. ECHO virus type 4 failed to grow 
in HeLa cells. 

During preparation of ECHO hyperimmune 
sera in monkeys, difficulties were encountered 
in complement fixation (CF) tests with viral 
antigens derived from infected renal cells. 
Viral antigens derived from HeLa cells proved 
to be useful in delineating homotypic anti- 
body, and in exposing serologic cross-relation- 
ships observed in neutralization tests. The 
present report describes the methods used in 
adaptation of ECHO viruses to HeLa cells, 
and the application of viral antigens derived 
from HeLa cells in the CF test. 

Materials and methods. Viruses. The pro- 
totype ECHO viruses were furnished by J. 
L. Melnick, Wm. McD. Hammon and A. B. 
Sabin. We passaged the viruses once or twice 
in monkey renal epithelial cells(2) when a 
large pool of stock virus was prepared. The 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 


passage history and titers of viruses propa- 
gated in cultures of renal and HeLa cells ap- 
pear in Table I. Tissue cultures. The line 
of HeLa cells was obtained from J. T. Syver- 
ton in 1952(3). Since 1955 the cell line has 
been propagated in yeast extract medium (4) 
modified as follows: 1% yeastolate (Difco), 
8.0%; 20% glucose, 1%; MHank’s BSS, 
68.0%; 2.8% NaHCOs, 3%; and human 
serum, 20.0%. Following satisfactory growth 
in tubes or in bottles the cells were washed 3 
times with phosphate buffered saline (PBS). 
The maintenance solution used in this labora- 
tory(5) consists of mixture 199, 63.5%; 5% 
NaHCOs, 3%; 20% glucose, 1%; tryptose 
phosphate broth, 25%; and calf serum, 7.5%. 
Following addition of maintenance solution 
cells were ready for inoculation with ECHO 
prototype viruses. Vuirus titrations. The 
stock virus pools were titrated in roller tube 
cultures of monkey kidney epithelial cells. 
ECHO viruses adapted to HeLa cells were 
titrated in renal epithelial cell cultures in the 
colorimetric test originally described by Salk, 
Youngner, and Ward(6) as modified by Mel- 
nick and Opton(7). Antisera. Sera were ob- 
tained from monkeys (Macaca mulatta) hy- 
perimmunized with 13 prototype ECHO 
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TABLE I. Passage Histories, Cytopathogenic Intensities, Antigenic Potencies, and Virus 
Titers of ECHO Viruses in HeLa Cell Cultures. 
DS ——— ee 
Extent of 
cytopatho- 


genic change Antigenic 


TCD;,./m1* virus de- 


Passage in HeLa eul- units, rived from 
ECHO virus history tures (% ) CF test HeLa Renal 
Farouk neal, Jel. 90+ 2 7.5 Ue 
Cornelis de, Ue, TEI 75+ 1 6.6 5.8 
Morrissey AM deGe dele 50+ 1 6.6 7.5 
Pesascek AM, Vite ake + 1 <1.0 4.5 
Noyee AG eliole 75+ 2 8.0 8.8 
D’ Amori 1eGey ale 90+ 2 6.5 8.4 
Wallace Ik lel, 90-+ 1 4.0 8.5 
Bryson Kee 75+ 2 6.7 7.8 
Hill Vey Els 75+ 2 vi) 7.2 
Lang 1s Sale 75+ 8 4.7 74 
Gregory 1G, Tele 90+ ~l 6.0 7.0 
Travis K-— H; 90+ 1 6.8 8.8 
Hamphill K- H; 90+ 1 5.5 8.1 


* Renal-cell-adapted viruses were titrated in renal cell roller tubes. 


HeLa-cell- adapted 


viruses were titrated in renal cell cultures in the color test based on decimal dilutions, expressed 


as log base 4. 


T,,. Ky H; — 10 passages in testicular fibroblasts, 9 additional passages in kidney cells, and 


5 passages in HeLa cell cultures. 


viruses.t Pre-vaccinal sera were devoid of 
homotypic and heterotypic neutralizing anti- 
bodies against the 13 ECHO viruses.+ The 
immunizing antigens were viruses propagated 
in monkey renal cells. Each monkey re- 
ceived a series of 5 or 6 intramuscular inocu- 
lations. Each inoculum consisted of 1.0 ml 
of undiluted virus suspended in 1.0 ml of min- 
eral oil adjuvant(8). CF antigens. At the 
4th passage level in HeLa cells cultured in 
stationary tubes, milk dilution bottles (200 
ml) containing 10°° cells were inoculated 
with 0.5 ml of each of the 13 ECHO viruses. 
The volume of maintenance fluid overlaying 
inoculated cells was 8.0 ml. Cytopathogenic 
changes were well advanced with all, except 
type 4 virus, on the 5th day when fluids were 
harvested. The harvested fluids were treated 
immediately with NaHCOs in order to bring 


t The following media were used in the propaga- 
tion of viruses in monkey renal cell cultures which 
were used to hyperimmunize monkeys: Growth me- 
dium. Medium D = mixture 199, 95%; horse serum, 
2%; and 2.8% NaHCOs, 3%. The growth medium 
was usually replenished on the 3rd or 4th day. The 
cells were washed 3 times after which maintenance 
medium was added. Maintenance medium consisted 
of mixture 199, 97.5% and 5% NaHCOs, 2.5%. 

{ Unpublished data. 


the pH to 7.4, and stored in glass-sealed vials 
at —20°C from whence they were deployed 
for use in CF tests. CF tests. The drop 
method described by Fulton and Dumbell (9) 
was adopted with several modifications, most 
of which have been described previously (10, 
11). The concentration of sheep’s red cells 
was 0.5%. The same lot of guinea pig com- 
plement was used in the study. Titrations of 
antibody were done using constant quantities 
of antigen and complement and doubling dilu- 
tions of serum. The unit of complement was 
taken as the least amount of guinea pig serum 
that caused complete lysis of the cells. Com- 
plement titers were verified by titrations per- 
formed coincidental with each test. Antigen, 
serum, hemolytic, and cell controls were em- 
ployed. Known negative monkey sera were 
included in each test. Sera were inactivated 
at 60°C/30’.. Primary incubation was car- 
ried out overnight (18 hours) at 4°C. The 
hemolytic system (1:1000 hemolysin plus 
0.5% sheep’s rbc) incubated 30 minutes at 
37°C was added on the following morning. 
After a further period of incubation for 2 
hours at 37°C the results were recorded. The 
antibody titer was the highest dilution of 
serum giving 50% inhibition. 

Results. Cytopathogenic action of ECHO 
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tet 


a. Normal HeLa ¢ell culture 


FIG. 1. Cytopathogenic action of ECHO 9 (Hill) in HeLa cells (unstained preparations 160 ). 


viruses on HeLa cells. Except for ECHO 
virus type 4, difficulty in adapting 12 ECHO 
viruses to cultures of HeLa cells was not en- 
countered. In respect to type 4 cytopatho- 
genic changes were doubtful and were not re- 
producible, although attempts were made in 
several serial passages. Furthermore at the 
5th passage level measurable amounts of 
virus were not found on titration in monkey 
kidney epithelial cells (Table I). 

Following primary inoculation of the re- 
maining 12 ECHO viruses in HeLa cells, 
cellular changes were observed as early as the 
3rd day and reached maximal degeneration on 
the 7th day when most of the cells were vis- 
ibly affected. On the 3rd day post-inocula- 
tion the cells began to separate and had an 
irregularly rounded appearance. By the Sth 
or 6th day shrunken misshapen cells had ar- 
ranged themselves in irregular clusters. Un- 
doubtedly cellular lysis occurred, but the 
notable persistence of intact altered cells be- 
yond the 7th day suggested that virus multi- 
plication was not necessarily associated with 
cell destruction. 

At each passage level, except the last, the 
harvested cells were rapidly frozen and 


thawed 3 times in dry ice and alcohol in order 
to rupture cells. Such treatment may have 
had an effect (controlled observations were 
not made) since in continuous passage there 
was evidence of adaptation in that fewer clus- 
ters of intact abnormal cells remained on 
glass or in fluid suspension by the 5th day 
post-inoculation. Despite the progressive ef- 
fect on cellular lysis several passages by these 
means were not conducive to complete cellu- 
lar destruction. The extent of cellular lysis 
ranged for the several viruses between 70 and 
90%. The quantity of virus released in cul- 
ture fluids ranged between 10*° and 10*° 
TCD; 9 (Table I). The type of change en- 
countered with ECHO virus type 9 appears 
in Fig. 1. The changes shown are fairly 
characteristic of the observed cytopathogenic 
changes observed with other ECHO viruses 
propagated successfully in HeLa cell cultures. 

Specificity of ECHO virus antigens in the 
CF test. Viral antigens derived from infected 
renal cells proved to be anticomplementary 
and cross-relations between members of the 
group were encountered in low serum dilu- 
tions, (7.e., 1:32 or less). The anticomple- 
mentary effect of the antigens was not re- 
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TABLE II. Specificity of Hyperimmune ECHO Antisera Prepared in Monkeys. Results ob- 
; tained in CF test. 


oo eS OO Ee EE a — 
LE 


ECHO virus 


Hyperimmune monkey antisera 


antigen il 2 3 + 5 6 if 8 9 10 int lps 13 
Farouk 2048 8 0 0 0 0 0 32 0 0 0 32 128 
Cornelis 8 | 1024 Se 8 0 0 0 0 0 0 0 0 
Morrissey 0 0/1024 0 0 0 8 0 0 ee ee 0) 0 
Pesascek | 
Noyee 8 8 0 0 | 2048 OT 58 On <0 Peet zee Pt) 0 
D’Amori 8 0 0 0 0 | 2048 0 0 0 0 0 0 0 
Wallace 0 0 oy @ 0 0 | 256 0 0 0 0 0 0 
Bryson 128 8 ‘OO 0 0 8 | 1024 0 0 OQ) AG 32 
Hill G98 2-0 et 09 0 sci ee Oe 
Lang 16 0 OO 0 0 0 0 0 | 1024 0 0 0 
Gregory 0 0 Si) 0 0 0 0 0 0] 512 0 0 
Travis 16 8 IG 8 0 0 0 0 0 Oy) et 0 
Hamphill 1024 0 OG 0 0 0 256 0 0 0 512 | 1024 
Homologous 16 16 2522 25 32 6 ay AKG: 16, 449 520 9 

serum neu- On << Hes Or 

tralization 

endpoints* 

(xX 1000) 


* Against approximately 100 TCD., of homologous virus. 


0 = <1:8 dilution of serum. 


moved by heat (56° to 62°C/30’). More- 
over, the antigens prepared in renal cells were 
qualitatively poor in respect to complement- 
binding capacity. Antigens derived from 
HeLa cells on the other hand were almost de- 
void of anticomplementary effect and were 
qualitatively better, if not entirely ideal, in 
their application in the CF test. 

The results reported here concern use of 
unheated antigens. Antigens prepared in the 
manner described had low titers ranging from 
1 to 8 units, with an average of 2 units (Table 
I). Box titrations of antigens did not provide 
evidence of a zone phenomenon, indicating 
that minimal rather than excess amounts of 
antigen were used. 

The CF antigens were specific and reliable. 
The homotypic titers of immune sera prepared 
in monkeys ranged between 1:64 (type 12) 
and 1:2048 (types 1, 5, and 6). The results 
of the tests appear in Table II. The speci- 
ficity of the CF antibodies was confirmed in 
neutralization tests. The homotypic neutral- 
izing antibodies are recorded in Table II. 

Cross-relationships in the CF test were en- 
countered largely with respect to 3 ECHO 
viruses, namely types 1, 8, and 13. Each of 
these viruses reacted also with type 12 anti- 


serum. However, ECHO virus type 12, with 
the exception of a possible cross with type 1 
antiserum, failed to react with type 8 and 
type 13 antisera. Minor one-directional re- 
lationships between ECHO type 10 virus and 
type 1 antiserum and ECHO type 12 virus 
and type 3 antiserum remain to be clarified. 
Except the minor one-directional relation- 
ships the results obtained in CF test re- 
affirmed previous observations on serologic 
relationships obtained in neutralization tests 
(Table III). 

The cross-relationships encountered above 
suggested that ECHO viruses types 1, 8, 12, 
and 13 may share common antigens. How- 
ever, interpretation on this point should be 
postponed until there is satisfactory evidence 
that serologic cross-relationships are repro- 
ducible using purified viruses. The chief 
point of interest concerns the specificity and 
the reciprocal relationships established in CF 
and in neutralization tests. 

Discussion. The successful propagation of 
prototype ECHO viruses in HeLa cells was 
unexpected for the chief reason that primary 
detection of naturally occurring ECHO 
viruses in these cells has not come to our at- 
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TABLE IIT. Comparison of Cross-Antigenie Relationships Delineated by Neutralization and 
CF Tests with 4 ECHO Virus Hyperimmune Sera. 


Neutralization endpoints* 


CF endpoints 


it 8 12 13 i 8 12 13 
ECHO virus Farouk Bryson Travis Hamphill Farouk Bryson Trayis Hamphill 
Farouk 16,000 500 200 1024 2048 32 32 128 
Bryson 1600 12,000 16 100 128 1024 16 32 
Travis <4 <4 20,000 <4 16 <8 64 <8 
Hamphill 10,000 160 500 9000 1024 256 512 1024 


* Approximately 50 TCD,, used; based on avg values of 4 titrations. 


tention. Syverton’ has not yet recovered 
ECHO viruses in HeLa cell cultures. Thus, 
it may be adduced that HeLa cells are less 
sensitive than renal cells for detection of 
ECHO viruses. This, however, is a relative 
matter, for strains of human origin may prove 
difficult to detect also in renal cells unless sev- 
eral passages are made. Maximal lytic effect 
may be observed only after several passages 
in cultures of renal cells(12). In respect to 
the adaptation to HeLa cells of virus stocks 
prepared in renal cells, two possibilities are 
suggested: namely, (a) that progeny deliv- 
ered during passage in renal cells contain vari- 
ants sufficiently represented in the total popu- 
lation to initiate attack of HeLa cells on a 
scale conducive to visualization, or (b) that 
the HeLa cell colony continuously in passage 
in this laboratory has undergone change in 
respect to susceptibility. The evidence in 
support of either proposition is insufficient at 
this time. 

Infected fluids harvested from HeLa cells 
provided specific and reliable although rela- 
tively weak antigens in the CF test. ECHO 
virus type 10 was exceptional and provided a 
very satisfactory antigen. Heated ECHO 
viral antigens were less satisfactory than ac- 
tive viral antigens in 2 respects: namely, (a) 
loss of specificity as indicated by heterotypic 
cross-reactions with all antisera in low dilu- 
tion (1:8), and (b) slightly lower homotypic 
serum dilution endpoints. Sufficient informa- 
tion has not been obtained to establish or to 
eliminate the presence of soluble antigen. 

Better antigens undoubtedly can be pre- 
pared. Antigens prepared in cultures of renal 
cells may prove equal to, or superior to anti- 
gens prepared in HeLa cells for diagnoses of 


§ Personal communication. 


human illnesses caused by ECHO viruses. 
We turned perforce to HeLa cells because of 
the anti-complementary effect of antigens and 
antisera derived from monkeys. The cross- 
reactions observed with antigens derived from 
monkey renal cells and monkey hyperimmune 
sera are not entirely understood. The sero- 
logic evidence indicates that the cross-reac- 
tions were not the result of antibodies to any 
component in the growth or maintenance me- 
dia, thereby suggesting interreaction in the 
monkey to some cellular component released 
along with virus in culture fluids used to im- 
munize monkeys. Such relationships would 
not be observed in naturally occurring dis- 
eases in human beings or in animals. But 
whether antigens prepared either in HeLa or 
in renal cell cultures are sufficiently active for 
reliable use in measurements of CF antibody 
response in naturally occurring illness, where 
neutralizing antibodies remain at levels com- 
paratively lower than in hyperimmunized 
monkeys, is a subject for additional study. 


Summary. Twelve of 13 original ECHO 
viruses have been adapted to HeLa cells in 
tissue cultures. The adapted viruses produced 
discrete, recognizable cytopathogenic changes. 
Infected fluids at the 5th passage level pro- 
vided specific, reliable antigens for use in the 
CF test: 
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And Its Microbiological Determination. 


(23190) 


R. L. Worrr, S. Dusost AND J. J. BRIGNON (Introduced by Raymond Cahen) 


Laboratoire de Chimie Biologique, Faculté de Médecine, Nancy, France. 


Microbiological determination of panto- 
thenic acid(1) or of pantetheine(2) released 
by enzymatic hydrolysis, has been recom- 
mended as a routine method for determina- 
tion of coenzyme A in animal tissues. The 
first of these two methods requires the use of 
2 enzymes, liver enzyme and intestinal phos- 
phatase. With one enzyme, phosphatase, CoA 
is split into pantetheine. As the activity co- 
efficient of pantetheine for growth of Lacto- 
bacillus arabinosus amounts to 20-40% (ona 
molecular basis) of that of pantothenic acid, 
microbiological determination of pantetheine, 
in the presence of preformed free pantothenic 
acid, becomes very difficult with Z. arabi- 
nosus. With Lactobacillus helveticus, another 
difficulty arises owing to stimulation of the 
activity of pantetheine by small amounts of 
pantothenic acid present in the mixture. 

Experiments are here reported pointing to a 
modification of the basal medium for Lacto- 
bacillus arabinosus 17-5 whereby pantothenic 
acid and pantetheine, in equimolecular 
amount, display an identical activity as 
growth factors. Each of the two factors is 
devoid of any stimulatory activity towards 
the other. This method has been checked 
with the double enzyme method of Novelli 
and Lipmann. 


Method. The basal medium, for L. arabi- 
nosus 17-5, has been described by Skeggs and 
Wright(3). It was modified by addition of 
50 ml of a 20 mg/ml solution of cysteine hy- 
drochloride to 250 ml of the original medium 


and was adjusted to pH 6.6-6.8. The tubes 
were incubated in glass jars at 37°C, for 24 
hours in an atmosphere of pure COs. Sub- 
strates. The Ca-pantothenate was of com- 
mercial origin. The pantetheine was used as 
its S-benzoyl derivative,* the identity of the 
activity for the 2 compounds having been 
demonstrated. It had been prepared accord- 
ing to Schwyzer(4). Intestinal phosphatase 
was prepared from calf intestinal mucosa ac- 
cording to the first steps of the method de- 
scribed by Schmidt and Thannhauser(5). 
The trypsin digested mucosa, after filtration, 
was dialyzed against tap-water for 72 hours 
and was kept in the freezer at -20°C. Phos- 
phatase activity of the solution corresponded 
to 45 Thannhauser units per ml. Two ml of 
aqueous tissue extracts, prepared according 
to the procedure of Kaplan and Lipmann(6), 
were incubated for 3 hours at 37° with 0.4 
ml phosphatase, 0.1 ml 0.12 M NaHCOs; and 
47.5 ml H2O before the assay. 

Results. The action of cysteine and CO. 
on growth of L. arabinosus in the presence of 
varying amounts of S-benzoylpantetheine or 
pantothenic acid is shown in Fig. 1 (I-IV). 
Cysteine, in the amount of 10 mg per tube 
of 5 ml, considerably increases activity of 
pantetheine but not that of pantothenic acid. 
In an atmosphere saturated with COs, activ- 
ity of either growth factor is slightly increased 
but that of pantothenic acid to a lesser degree 


* Obtained through the courtesy of Dr. Schwyzer, 
Ciba Inc., Basel, Switzerland. 
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or pantothenic acid (@). Influence of cysteine (10 mg/tube of 5 ml) and CO,. 

pantothenate or S-benzoylpantetheine (on an equimolecular basis). Ordinate: Units (Meunier). 

I = Atmosphere: air; II = Atmosphere: CO, 100%; I1T — Atmosphere: air + 10 mg cysteine 
per tube; 1V = Atmosphere: CO, 100% + 10 mg eysteine per tube. 


than that of pantetheine. Under the com- 
bined influence of cysteine and COs, growth 
stimulation of L. arabinosus by pantetheine 
or pantothenic acid becomes identical. In 
contrast to L. helveticus, no potentiation oc- 
curs in the presence of the 2 growth factors, 


Growth curves of Lactobacillus arabinosus in presence of S-benzoylpantetheime (A) 
Abseissa: 


Ca- 
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the total activity being (on a molecular basis) 
the sum of each individual activity. 

Table I shows the results of microbiological 
determination of CoA in several tissues of 


rats, rabbits and guinea pigs. 


methods give identical results. 


TABLE I. Determination of CoA Bound Pantetheine Released after Incubation of Tissue Ex- 
tract with Intestinal Phosphatase and Caleulated as Ca-pantothenate. (The number in the table 
corresponds to the sum: performed pantothenic acid + liberated pantetheine.) 


Tissue Liver Heart Kidney Spleen 
Method a b a b a b a b 
No. of rats 9 9 6 6 fi Vi 5 5 
Mean 68.5 65.5 32.8 33.4 34.9 BO) 9.1 8.5 
S.E. of mean 4.37 BG 4.88 4,58 2.82 Sill 1.36 1.02 
Tissue Muscle Brain Testicles Adrenals 
Method a b a b a b a b 
No. of rats a 2 5) = 2 2 1 1 
Mean 9.8 Ls} 8.5 8.6 Bal Bll 26 30 
Animal Rabbit Guinea pig 
Method a b a b 
Liver 42.7 42.7 Doel 53 
Kidney 41.8 40.8 29.1 27.8 
Heart 21.5 19.4 10 9.4 
Brain IO) ile 
Adrenals 10.6 8.8 


a — present method; b = method of Novelli and Lipmann. 


The two 
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According to Marnay(7), Cheldelin e¢ al. 
(8) and Atkin e¢ al.(9), heart and muscle 
contain considerable amounts of “conjugated 
pantothenic acid” of a different kind of CoA 
bound pantothenic acid. The conjugate is 
split by autolysis, by takadiastase, mylase P, 
etc. The amount of this “conjugated panto- 
thenic acid” exceeds by far the amounts of 
CoA bound pantothenic acid as measured by 
the double enzyme method. It is interesting 
to note that the non-purified phosphatase 
used in these experiments is devoid of any 
“pantothenic conjugates” splitting activity 
other than CoA. 

Summary. (1) A method has been de- 
scribed whereby pantetheine and free pan- 
tothenic acid may be determined microbio- 
logically in a medium in which the 2 factors 
exert (on a molecular basis) the same effect 
on Lactobacillus arabinosus. The action of 
the 2 growth factors is additive. (2) The CoA 
bound pantothenic acid is liberated as pante- 
theine by incubation of an aqueous tissue ex- 


PROTAMINE AND K EXCRETION 


tract with intestinal phosphatase and can be 
determined in the presence of preformed free 
pantothenate. (3) The results of this meth- 
od, applied to several tissue extracts, agree 
with those of Novelli and Lipmann. 
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Physiology and Medicine, University of Cincinnati College of Medicine. 


Recent evidence has shown that protamine 
is an inhibitor of active potassium transport 
in kidney cortex slices of the rabbit(1). So- 
dium transport in that system is not affected. 
In this report, we describe some effects of pro- 
tamine on renal electrolyte excretion in the 
rabbit. It was the purpose of these experi- 
ments to determine whether the effects of 
protamine in the whole animal parallel those 
observed in kidney slices from the same 
species. 

Methods. Male albino rabbits weighing 7 
to 8 lb were placed on a standard solid rab- 
bit ration.+ Prior to the experiment water or 
0.45% saline was administered by stomach 


* Established Investigator, Amer. Heart Assn. 
t Eda K. Loeb Memorial Scholar, May Institute. 
+ Obtained from Rockland Farms, New City, N.Y. 


tube. Intravenous injections and infusions 
were given through a marginal ear vein. Urine 
was collected from an indwelling catheter by 
gentle suction with a syringe. The bladders 
of several animals sacrificed at the end of the 
experiment were examined for residual urine 
but were invariably found to be empty. Ani- 
mals were restrained on their backs and blood 
collected from the heart at approximately the 
midpoint of each clearance period. The fil- 
tration rate was measured with creatinine ad- 
ministered by constant intravenous infusion 
or by subcutaneous injection one hour before 
the beginning of the experiment. Electrolyte 
determinations were carried out on a Baird 
flame photometer on suitable dilutions of se- 
rum and urine with lithium as internal stand- 
ard. Creatinine was estimated as total chro- 
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TABLE I. Effect of Protamine on Potassium Reabsorption in Normal Rabbit (Animal H, 3.6 kg). 


——————— ee ee Se eee 
oeoleaqléa“co“OovWnmaw—oeeeeeeeee 


Elapsed Clear- Creatinine Sodium 5) Potassium ————_, 

time ance Urine clearance Plasma Exeretion %vreab- Plasma Excretion % reab- 

(min.) period (ml/min.) (ml/min.) (mE/1) (uwH/min.) sorption (mE/1) (wE/min.) sorption 
24 i .o4 19.3 136 1s 99.9 4.50 10.8 87.6 
44 2 91 19.7 131 1-2 99.9 4.13 9.0 88.9 

44-46 Inj. intray. one ml isotonic protamine Cl 

60 3 1.58 19.5 132 2.6 99.9 4.45 21.2 75.6 
86 4 [oO LTE 134 alsa 99.9 4.42 Affe} 65.1 
114 5 46 20.8 138 1.4 99.9 4.30 10.0 88.8 


Animal hydrated with 400 ml H,O over period of 3 hr before beginning of exp. Creatinine 15 ml 


5% subeut. one hr before beginning of exp. 


TABLE II. Effect of Protamine on Potassium Excretion in K-Loaded Rabbit (Animal L3, 


3.6 kg). 
as : Ratio 
Creatinine §©=——Potassium——, : 
Elapsed Clearance Urine clearance Plasma Excretion Excretion 
time (min.) period Qml/min.) (ml/min.) (mE/1) (wH/min.) Filtered 
0 Infuse 3% KCl at 0.6 ml/min. 
i 15 ml 5% creatinine subeut. 
59- 88 1 94 20.4 7.4 183 20 
103-105 Inj. 1 ml isotonic protamine Cl 
123 2 .80 24.9 6.6 201 1.22 
135 3 0 23.2 6.8 168 1.06 
148 a 35 23.6 7.2 139 02 
163 5 40 23.7 7.6 156 87 
178 6 Bul 21.0 8.4 146 83 


Animal hydrated with 300 ml 0.45% NaCl over period of 90 min. before beginning of in- 


fusion. 


mogen by a modification of the method of 
Folin and Wu(2). For the potassium load- 
ing experiments animals were given 100 ml of 
3% KCl daily by stomach tube for one week 
before the experiment. Potassium was in- 
fused at a constant rate throughout the ex- 
periment. Protamine was used as an isotonic 
solution of protamine chloride containing 262 
micromoles chloride and 45 mg protamine per 
ml. Protamine chloride was prepared from 
protamine sulfate’ by treatment with BaClo. 


Results. Five animals were studied with- 
out potassium loading. In 4 animals, prota- 
mine caused a very marked decrease in per- 
cent potassium reabsorption. The values fell 
from 90.1 + 2.6% (range 88.3 to 94.0) to 
67.3 + 5.4% (range 64.3 to 75.5). One ani- 
mal showed no significant effect. Table I pre- 
sents the results of one experiment. 


§ Obtained from spring salmon and purchased from 
General Biochemicals, Chagrin Falls, O. This product 
conforms to the standards of the Federal Register for 
preparation of protamine-zinc-insulin. 


Five potassium loaded animals were simi- 
larly treated with protamine. In 4 animals 
the potassium excreted initially exceeded the 
filtered load. In each case there was a sig- 
nificant drop in the ratio of K excreted/K 
filtered within 20 to 30 minutes after injec- 
tion of protamine. The ratios of K excreted / 
K filtered were depressed by protamine from 
Le21 1010-834 1:3. 5)t0:.1.05.4 1 OS stogO.9 50:96 
to 0.62; and 1.33 to 1.16; respectively. An 
experimental protocol is shown in Table II. 

Discussion. Protamine strongly inhibits 
active accumulation of potassium by kidney 
slices(1). The present experiments have re- 
vealed a close parallel between the actions of 
protamine on potassium transport in vivo and 
in vitro. 

In the intact animal the kidney can trans- 
port potassium both into and out of the tu- 
bules(3,4). Injection of protamine increased 
the ratio of potassium to creatinine clearance 
in non-loaded animals. This indicates inhibi- 
tion of potassium reabsorption. Indeed, if pro- 
tamine under these conditions primarily in- 
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hibited K secretion, a decreased potassium 
clearance would have been observed. In the 
potassium loaded animals the ratio of potas- 
sium to creatinine clearance was significantly 
depressed on administration of protamine. 
Such a finding is explained by inhibition of 
tubular potassium secretion. 

In animals to whom no NaCl had been ad- 
ministered, there was no effect of protamine 
on sodium transport. This observation agrees 
with previous findings on rabbit kidney 7m 
vitro. Animals hydrated with hypotonic 
saline showed a relatively high control Na 
excretion which fell throughout the experi- 
ment as the administered sodium load was 
excreted. The absence of a protamine effect 
on sodium reabsorption supports the conclu- 
sion of the previous in vitro studies that pro- 
tamine is a specific inhibitor rather than a 


Effects of Essential Fatty Acid Deficiency in Young Swine.* 
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general cytotoxic agent. 

Conclusions. Some effects of intravenous 
administration of isotonic solutions of pro- 
tamine chloride on renal electrolyte clearance 
in the rabbit were studied. In this species 
protamine inhibits both potassium reabsorp- 
tion and potassium secretion. There were no 
significant effects on sodium clearance. 


It is a pleasure to thank Miss B. J. McCardwell 
and Mr. L. Staples for their help. 

1. Foulkes, E. C., and Miller, B. F., submitted for 
publication, 1957. 

2. Folin, O., and Wu, H. J., J. Biol. Chem., 1919, 
Woy le 

3. Mudge G. H., Foulks, J., and Gilman, A,, 
Proc. Soc. Exe. Brot. aNnD Mep., 1948, v67, 545. 

4. Berliner, R. W., and Kennedy, T. J., zbid., 1948, 
v67, 542. 


Received April 5, 1957. 


P.S.E.B.M., 1957, v95. 


(23192) 


Epon G. Hix, Ects L. WARMANEN, HERBERT HAYES, AND RALPH T. HOLMAN 
Hormel Institute, Departments of Animal Husbandry and Physiological Chemistry, 
University of Minnesota, Austin. 


Since Burr and Burr(1) demonstrated the 
need of rats for essential fatty acids (EFA), 
these substances have been found to be re- 
quired by several species ranging from insects 
to ruminant mammals(2). Witz and Beeson 
(3) found that the effects of a low-fat diet 
upon weanling pigs were loss of hair, scaly 
dermatitis, and necrotic areas on the skin. 
They did not specifically investigate the need 
of swine for EFA. Studies of EFA deficiency 
in large animals have been particularly dif- 
ficult because of inability to deplete the wean- 
ling animal of its stores of EFA within a rea- 
sonable length of time. With development of 
a successful procedure for raising baby pigs 
without colostrum on a purified diet, and 
availability of baby pigs obtained by hyster- 
ectomy(4) from dams of the Hormel Founda- 


* Hormel Institute publication no. 152. Supported 
in part by grants from Hormel Foundation, Na- 
tional Vit. Fn., Office of Naval Research, and Na- 
tional Dairy Council. 


tion herd of miniature swine(5), it became 
feasible to attempt a study of essential fatty 
acid deficiency in swine. An attempt was 
also made to accelerate EFA-deficiency by 
feeding of cholesterol, as was recently done 
with rats(6). 

Materials and methods. Four trials were 
conducted using a total of 15 miniature pigs 
in the first 3 experiments and 7 Chester White 
pigs in the fourth experiment. All pigs were 
obtained by hysterectomy 3 to 6 days before 
expected parturition. The pigs were held in 
individual isolation cages for 4 weeks and 
then transferred to larger individual open 
wire mesh cages, with wire mesh floors. The 
pigs were fed a pre-experiment diet consisting 
of whole cows’ milk supplemented with one 
whole egg, 5 ml of mineral mixture,t 400 IU 
vit. D2, 30 mg chlortetracycline, and 1 mg of | 

+ Each liter of mineral mix contained 50 g HesOze 
7H,0, 4 g CuSO, *5H,O, 4 ¢ MnCl, +4H,0, 0.30 g 


KI, 0.30 g ZnCl,, 0.25 g CoSO,*7H,O and 4 ml 
HCl. 
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TABLE I. Growth and Feed Consumption of Young Swine Fed Purified Diets Low in Essential 
Fatty Acids, and Effect of Supplementation with Ethyl Linoleate. 
e—=—=®=<“maOnmaaoaows0ODa9@aoOwxs$w0wWOOD@9a@T#w#*707T1V0o09B@WnaaaaaaDnDSS eo 


Body wt, Intake of 
Exp. and  Linoleate Days lb polyunsat., Lb feed Aortic 
pig No. supplement on exp. Start End g per lb gain lesions 
I 165-5 — 89 S 5.4 915 2.10 9.6 — 
191-2 — 45 3.1 3.0 1.10 = 
+ 5 D 3.0 3.0 d.11 

191-1 — 69 3.7 4.7 1.57 30.4 — 

= 27 Ss 4.7 8.7 27.92 4.5 
II 340-3 i 45 D 2.4 13.2 egal 3.0 = 
341-4 — 83 Ss 3.1 42.0 7.34 3.6 a6 
340-4 — 84 S 2.6 41.0 6.01 3.0 = 
340-10 — 84 S 2.5 37.0 5.67 3.2 = 
341-5 = 83 S Spl 28.0 87.09 3.2 = 
340-2 + 84 Ss 2.7 35.0 90.40 3.8 = 
III 369-3 — ol Ss 2.0 5.0 67 3.6 = 
369-2 — 43 D 1s 5.6 1.02 5.1 = 
369-9 — 44 S 2.0 8.2 1.25 4.0 = 

369-1 —_ 46 D 1.6 8.5 1.19 3.4 
369-5 — 48 D 2.0 8.5 1.47 4.4 — 

369-4- — 91 S 2.1 33.8 5.35 3.3 
LV 3105-5 — 9 S 2.5 2.6 14 _— 
3105-7 — 14 Ss 3.1 2a All = 
3104-2 —_— 3 D 3.8 8.7 1.05 4.2 — 
3106-5 — 48 D 3.6 hil 1.54 4.9 = 
3106-2 — 95 D 3.4 30.5 6.30 4.5 + 
3106-1 = 98 S) 3.8 39.0 7.29 4.0 + 
3106-6 —_ 98 ) 3.6 38.0 6.81 3.9 + 


S—saerificed ; D—died. 


vit. K per quart of homogenized milk. The 
first experiment was started when the baby 
pigs were 20 days (1 pig) and 7 days (2 pigs) 
of age. The remaining 3 experiments were 
started when the pigs were 11 days of age or 
less. Two basal diets were used in the ex- 
periments. Each kilogram of diet S5 con- 
tained 552 g glucose, 200 g vitamin-free case- 
in, 80 g gelatin, 50 g hydrogenated coconut oil, 
50 g cellulose (Alphacell), 3 g pi-methionine, 
200 mg chlortetracycline, 5 g cholesterol, 48 
g minerals,+ and vitamins’ well in excess of 
NRC recommended allowances. The S7 diet 
differed from S5 in that it contained 1 g me- 
thionine, 200 mg ZnSO, * 2H2O, 0.5 mg bi- 


¢ Minerals added/kilo diet were 35 g CaHPO,, 5 
g NaCl, 6 g K,HPO,, 1 g FeSO,°7H,O, 400 mg 
MgSO,°7H,O, 250 mg MnSO,°4H,0, 40 mg Kale 
40 mg CuSO,°5H,O, 20 mg CoSO,+7H,O, 100 mg 
ZnSO, * H,0. 

¢ Vitamins added/kg diet were 2 g choline chloride, 
0.2 mg biotin, 11 mg thiamine* HCl, 22 mg ribo- 
flavin, 26 mg calcium pantothenate, 22 mg pyridoxine 
+ HCl, 110 mg nicotinic acid, 2 mg folic acid, 1 mg 
vit. K, 110 wg vit. B,., 9090 IU vit. A acetate, 909 
IU vit. Dj, and 100 mg alpha tocopherol acetate. 


otin, 55 mg calcium pantothenate, and 2 mg 
vit. K per kg. Diets were mixed semi-weekly 
and stored at -20°C. The diets were fed as 
dry meal rations and acceptability was good 
in most cases. Food was given ad libitum 
until daily consumption reached 1 kg, the 
maximum allowed each animal. The total 
lipid content of each of the 2 rations extrac- 
table by ethyl ether was 6.4%. Analysis of 
the extractable lipid of diet S7 for polyun- 
saturated acids(7) revealed the presence of 
0.14% dienoic acid, 0.05% trienoic acid, 
0.02% tetraenoic acid, 0.03% pentaenoic 
acid, and 0.05% hexaenoic acid. Diet S7 pro- 
vided 260 mg of total polyunsaturated acids/ 
kg and diet S5 contained 114 mg/kg. Ethyl 
linoleate used for supplementation had an 
iodine value of 163, contained a trace of trans 
unsaturation as measured by infrared analy- 
sis, and 0.1% conjugated dienoic acids. The 
pigs were weighed weekly and the physicai 
condition of the animals was observed. When 
pigs died during the experiment or were sac- 
rificed at the end of the experiment, the or- 
gans were inspected for abnormalities and 
samples of hearts and livers were taken for 
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TABLE II. Composition of Heart Fat and Liver Fat of Young Swine. 
Fatty acids, % of heart fat Fatty acids, % of liver fat 
Linoleate Days ata) as : cog ese. 
Exp. No. sipplmant onexp. Tetraenoie Trienoie Dienoie Tetraenoie Trienoic Dienoie 

I = 89 39 13.8 3.0 2.1 2.0 
— 45 

+ 5 3.7 ey ileal 7.5 2.4 9.2 
— 69 

+ 27 ale iy) 4.7 4.9 5.6 6.9 

= 45 eg) 3.1 ea 1.4 4.9 6 

.. — 83 2.0 7.8 3.1 1.6 6.4 2.1 

— 84 1.4 5.2 2.2 eS 6.1 3.2 

84 1.4 6.0 2.5 ei 7.0 3.0 

+ 3 3.9 5.1 9.3 1.5 6.2 2.8 

a 84 3.6 3.7 9.2 4.5 4.6 4.0 

III — 31 3.7 5.5 5.7 3.0 9.4 3.3 

— 43 1.9 5.9 3.5 3.4 ILL 2.7 

a 44 2.5 8.0 4.4 2.3 8.1 1.8 

— 46 19 9.3 221 2.5 8.3 ao) 

= 48 213 8.4 4.5 8 5.4 1.0 

— 91 0 2 .0 4,2 4.6 2.5 

IV —- g 8.4 1.8 12.9 He 3.1 5.7 

-- 14 7.4 bat 8.1 15.8 4.5 4.4 

— 34 2.5 3.4 3.8 1.4 8 1.8 

= 48 2.7 5.9 4.8 2.1 6.7 3.3 

— 95 2.7 7.4 4.9 6 1.8 a 

— 98 1.9 6.0 1.6 1.4 4.4 5 

— 98 1.4 3.3 1.5 le 5.2 6 

analysis. a drop from 30 lb feed required per lb gain 


Results. Table I indicates the general plan 
and results of the experiment, and Table II 
gives the contents of polyunsaturated acids in 
the heart and liver lipids of all the pigs 
studied. 

Exp. 1. Three miniature pigs were used in 
this trial. Pig 165-5 was started on experi- 
ment at 20 days of age, reached a maximum 
weight of 10.5 lb at 9 wk after which the 
weight declined slowly to 9.5 lb. The animal 
became listless, and developed a very rough 
hair coat but no skin lesions were observed. 
It was sacrificed when its condition became 
poor. The 2 other pigs in this experiment 
were started at 7 days of age, grew poorly for 
3 wk, and subsequently declined in weight. 
Pig 191-2 was given 5 g of ethyl linoleate in 
2 oral doses beginning the 49th day of the 
experiment, but was in such poor condition 
that it died 5 days later. Pig 191-1 was given 
1 g ethyl linoleate daily for 27 days after 69 
days on the EFA-low diet. This pig gained 
4 lb in 27 days, the hair coat became smooth 
and the animal gained in vigor and improved 
in appetite. The supplementation resulted in 


to 4.5 lb feed required per lb gain. The ex- 
periment was stopped at 27 days because the 
pig grew too large for its cage. 

Exp. 2. Six miniature pigs were started on 
the experiment at 11 days of age. All were 
fed the depletion ration S5 and 2 were sup- 
plemented from the beginning with 1 g ethyl 
linoleate daily by mouth. Pig 340-3 died after 
45 days on experiment. It had a rough hair 
coat but no skin lesions. The remaining 5 
pigs were killed at 83 or 84 days on experi- 
ment. Post mortem examination revealed no 
striking differences except that the aorta from 
pig 341-4 had extensive rough areas (Fig. 1). 

Exp. 3. Six miniature pigs 2 days of age 
were started on ration S7 with the intention 
that after 8 wk some pigs would be supple- 
mented with ethyl linoleate. Pigs 369-3 and 
369-9 were lost because of accidental injury, 
and 3 pigs died abruptly at 43, 46, and 48 
days. Postmortem examination revealed no 
gross abnormalities. The sixth pig survived 
91 days, and postmortem examination re- 
vealed mild gross lesions of the aorta similar 
to those shown in Fig. 1. 
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FIG. 1. Gross aortic lesions from pig 341-4 left, 
compared with littermate 341-5. 


Exp. 4. Seven Chester White pigs were 
fed ration S7. Four of these pigs were started 
at 5 days of age and 3 at 1 day of age. Four 
pigs of the group either died early or had to 
be sacrificed because of impending death, 
leaving 3 which remained on the experimental 
regime more than 56 days. Of the 3 remain- 
ing pigs, 2 developed lameness in the rear legs 
and one of the lame pigs (3106-2) died 
abruptly at 95 days. This pig developed pin 
point skin lesions over the entire body, espe- 
cially on the ears, over the back, and on the 
ventral surface. The remaining 2 pigs were 
killed at 98 days on experiment. Post- 
mortem examination revealed very rough 
areas in the aorta in all 3 of the pigs that 
lived over 56 days. 

Discussion. The original intent of the ex- 
periments was to attempt to produce dermal 
symptoms of essential fatty acid deficiency 
in the pig or to discover what form such de- 
ficiency takes in this species. Dermal lesions 
were observed in only one pig. The deficient 
diet caused poor growth and listlessness, and 
it was possible to maintain only a few of the 
pigs for any length of time on the diet. How- 
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ever, it became apparent that the diet caused 
an essential fatty acid deficiency because of 
the lowered polyunsaturated acid content of 
the tissues analyzed. 


In Table II the analyses for polyunsatur- 
ated acids in the lipids of the hearts and livers 
are listed. The pigs are grouped by experi- 
ment and by length of time they were on the 
experimental diet. In general, the longer the 
animal was on the low EFA diet, the lower 
was the content of dienoic and_ tetraenoic 
acids in its heart and liver lipids. The con- 
tent of these acids in the lipids was increased 
by supplementation with linoleic acid. This 
is as would be expected, for linoleic acid is 
known to be converted to arachidonic acid in 
the animal(2). The contents of pentaenoic 
and hexaenoic acids were measured, but are 
not presented because they were quite low and 
variable. The content of trienoic acids is like- 
wise variable and shows no distinct upward 
trend as might be expected from experiments 
with other species(2). The contents of di- 
enoic and tetraenoic acids of the liver and 
heart lipids show some variability which may 
be due to the differences in physical condition 
of the animals prior to death or sacrifice. 
Nevertheless, the trend toward lowered poly- 
unsaturated acids in tissues indicates that an 
essential fatty acid deficiency was induced to 
varying degree in the experiments. 


After this series of experiments was started, 
it became apparent that essential fatty acids 
are in some way related to cholesterol trans- 
port(6) 


and hence possibly to the general 
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FIG. 2. Photomicrograph of lesion of aorta from 
pig 341-4. Hematoxylin-eosin stain. 115 X. 
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problem of atherosclerosis. Therefore the 
aortas of the pigs fed the diets deficient in 
essential fatty acids were inspected for lesions. 
Of the 8 pigs that survived longer than the 
normal weanling age of pigs, 56 days, 5 were 
found to have gross lesions of the aorta. None 
of the 4 pigs supplemented with ethyl linole- 
ate were found to have gross lesions. Micro- 
scopic examination of the lesions by Dr. Jesse 
Edwards of the Mayo Foundation confirmed 
the macroscopic observations. The lesions 
were found to be in the inner third of the me- 
dia, and consisted of areas of calcification. 
No lipid deposits were demonstrable by Su- 
dan IV staining. Alizarin red and von Kossa 
stains for calcium were positive, and Prussian 
blue stain for iron was positive. Ceroid stain 
was negative. 

Summary. Rigid exclusion of essential 
fatty acids from the diet of young swine leads 
to a deficiency disease not characterized by 
consistent or early skin lesions. The severity 
of the dietary regime imposed caused high 
mortality, but of the 8 pigs that survived be- 
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yond the normal weanling age, skin lesions 
were observed in one and aortic lesions in 5, 
at or before 98 days on experiment. The data 
suggest that essential fatty acids are required 
by swine and that deficiency of essential fatty 
acids may lead to impairment of the arterial 
wall. 
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Effect of Time and Temperature upon Survival of Escherichia coli 


in Sodium Chloride.* 


(23193) 


Henry C. REEVES AND ARTHUR P. Harrison, Jr. (Introduced by Charles C. Randall) 
Department of Biology, Vanderbilt University, Nashville, Tenn. 


When cells of Escherichia coli are sus- 
pended in 4.6 M NaCl and held at —22°C, 
the decline in number of viable cells does not 
proceed at a constant rate but at a continu- 
ously decreasing rate(1). To gain an insight 
into the kinetics of this decline, the effect of 
time and temperature upon survival has been 
investigated. The present paper summarizes 
some of the results of this investigation. 

Materials and methods. The test organism 
was Escherichia coli strain 69L-15. It was 
cultivated in broth of the following per- 
centage composition: yeast extract (Balt. 
Biol. Lab., dehydrated), 1.0; KsHPO,, 0.2; 


* Supported by grant from the Nat. Inst. of Al- 
lergy and Infectious Diseases, U. S. Public Health 
Service. 


MgSO, * 7H20, 0.01; and “Tween 80” (Atlas 
Powder Co.), 0.1. The plating medium was 
of the same composition as the broth except 
1.6% agar was an additional ingredient. In- 
cubation was at 37°C. Cells of the test or- 
ganism were transferred with a wire loop from 
a refrigerated stock agar culture to 5 ml of 
broth in a test tube and incubated for 24 
hours. After 2 or more serial transfers 
through such tubes, 0.1 ml of the culture was 
used to inoculate 100 ml of broth in a 250 ml 
Erlenmeyer flask. After incubation for 24 
hours, 30 ml of culture were centrifuged at 
2,000 G for 30 minutes; the cells were washed 
twice with distilled water and finally resus- 
pended to a volume of 30 ml with distilled 
water. The resulting aqueous suspension was 
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immediately placed in an ice-water bath at 
Reo: 

One part of the aqueous bacterial suspen- 
sion was mixed with 9 parts of 5.1 M NaCl at 
-++2°C in the ice-water bath. This resulted 
in a 10-fold dilution of the cells and a reduc- 
tion in concentration of the NaCl to 4.6 M. 
The pH of the mixture was 6. The bacteria- 
saline mixture was then dispensed in 5 ml ali- 
quots into test tubes (15 mm x 150 mm) 
fitted loosely with aluminum caps. These 
manipulations at -+-2°C were completed in 
less than 3 min; then the tubes were placed 
at various temperatures for storage. The vi- 
able cell count at the moment of admixture 
of the bacteria with the saline was determined 
by a plate count on the original aqueous bac- 
terial suspension and dividing this count by 
10. This will be called the initial count. Four 
storage temperatures were employed: —22°, 
—9°, +2°, and +15°C. The tubed suspen- 
sions were maintained at —22° and —9°C in 
glycerol baths and at +2° and +15°C in 
water baths. When, during the course of an 
experiment, it was desired to alter the storage 
temperature the suspension was simply trans- 
ferred from one bath to another. Only a few 
minutes were required for the suspension to 
attain the new temperature. Temperature 
was monitored by means of toluene thermome- 
ters and also by means of a “TRI-R” elec- 
tronic thermometer (TRI-R_ Instruments, 
Long Island City, N. Y.), the sterile ther- 
mistor probe being placed within one of the 
tubed suspensions. The 4.6 M NaCl prevents 
solidification at —9° or —22°C, hence the ef- 
fect of temperature may be studied in the 
absence of ice formation. To determine the 
number of survivors after storage in 4.6 M 
NaCl, 0.1 ml aliquots were withdrawn peri- 
odically and diluted serially in bottles con- 
taining 100 ml of diluent. Pour plates were 
prepared by plating 0.1 or 1. ml aliquots 
from these bottles. The plates were incu- 
bated for 24 hours. The diluent employed 
in the dilution bottles consisted of 0.05% 
trypticase (Balt. Biol. Lab., dehydrated) ad- 
justed to pH 7.4 with phosphate buffer. 

Results. Fig. 1 compares survival of Es- 
cherichia coli in 4.6 M NaCl at 4 temperatures 
(curves 1, 2, 3, and 4). It will be noted that 
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survival at —9°C is better than at —22°C; 
similarly, survival at +2°C is better than 
~9°C. The relationship between survival at 
these 3 temperatures (curves 1, 2, and 3) is 
maintained throughout the 6% day period. 
For the first 2 days, survival at +15°C is as 
might be predicted from the results at —22°, 
—9°, and +2°C. However, sometime after 2 
days the death rate increases, then diminishes, 
and the curve “levels off” once again (curve 
4). Between —22°C and +2°C survival is 
better the higher the storage temperature. 
Above +2°C, however, the configuration of 
the survival curve may vary from one experi- 
ment to another. In some experiments, the 
viable count remains higher at +15°C than 
at any of the other temperatures over the en- 
tire test period (1 week and longer). In other 
experiments, the curve is sigmoidal (Fig. 1). 
Since this behavior above +2°C occurs de- 
spite our uniform experimental technic, we 
have assumed that it is due to inherent differ- 
ences between different cultures. 

Fig. 2 illustrates that holding EL. coli at 
--2°C for various periods prior to storage at 
—22°C will improve subsequent survival at 
the latter temperature. Holding the cells at 
--2°C for as short an interval as 3 hours im- 
proves survival at —22°C considerably (com- 
pare curve 2 with curve 1). Even after the 
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suspensions at +2°C have become static, 
that is, after the death rate has become negli- 
gible (2 days, curve 6), the cells are under- 
going some change, because continued holding 
at +2°C improves subsequent survival at 
—22°C even more (compare curve 4 with 
curve 5). In some experiments prior storage 
at +2°C for as little as 4 days conferred 
to the suspension complete resistance to 
—22°C. Improvement in survival at —22°C 
may also be acquired by prior storage at 
—9°C. 

Fig. 3 summarizes data obtained from fluc- 
tuating E. coli suspensions between —22° and 
+2°C. If, during the period of rapid decline 
at —22°C, the suspension is transferred to 


+2°C, death will be arrested. In other 
words, during the period of rapid decline at 
22°C, degree of death varies in proportion 
to length of exposure to this low temperature 
(compare curves 2, 3, and 4). Once the 
death rate of the suspension has diminished 
to a negligible value (after 1 day) warming 
to +2°C brings about no demonstrable 
change in viable cell count. In fact, once a 
suspension has attained this relatively static 
condition, fluctuations between -—22° and 


+2°C have no effect whatsoever upon sur- 
vival (compare curves 4 and 5). 

The cells which remain viable during the 
period of rapid decline are able to maintain 
themselves for long periods. 


This resistance, 
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however, is not heritable. If an aliquot of a 
stored (—22°C for 1 week) suspension is plat- 
ed and the resulting colonies emulsified with 
water and subjected to a second exposure to 
4.6 M NaCl, they are found to be no more re- 
sistant than an emulsion of colonies prepared 
from the original aqueous suspension. 

The test organism will not grow at 37°C 
in broth containing 1.1 M NaCl. Therefore, 
it would hardly be expected to proliferate in 
a concentration of salt over 4 times as great 
in the absence of nutriments and at tempera- 
tures between +2° and —22°C. Even in the 
absence of salt there is no increase in the 
viable cell count at +2°C (curve 5; Fig. 1). 
In fact, there is no increase in viable count 
after 2 weeks in broth at this temperature. 
Nevertheless, it was considered prudent to 
make microscopic counts on the cell suspen- 
sions. No change in the number of cells per 
unit volume was detected from zero time to 
1 week at either +2° or —22°C, nor was the 
number different at these 2 temperatures after 
any given storage period. Suspensions which 
had been fluctuated between +2° and —22°C 
showed no change in cell numbers. (The mi- 
croscopic counts were made with dark field 
illumination, since the similarity in refractive 
index between the 4.6 M NaCl and the cells 
rendered detection of the latter difficult other- 
wise. ) 

Discussion. Suspensions of £. coli in 4.6 
M NaCl stored at low temperatures undergo 
at first a rapid decline in viable cells, but as 
the storage interval is extended the death rate 
continuously decreases until eventually it be- 
comes negligible. Cells that endure the pe- 
riod of rapid decline are able to maintain 
themselves in the saline for long periods. 
Most important, however, is the fact that 
once these cells are removed from the saline 
their resistance to it is lost. One may dem- 
onstrate this by centrifuging the cells from 
the NaCl and resuspending them in diluent. 
Upon a second exposure to 4.6 M NaCl, the 
suspension will undergo a decline proportion- 
ally as great as that obtained upon the first 
exposure. This same result is obtained with 
Lactobacillus fermenti(1). These data sug- 
gest that the resistance is acquired while the 
cells reside in the saline and does not exist 
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preformed in a segment of the original popu- 
lation. Additional support for this idea is the 
adjustment which occurs when a suspension 
is held at +-2°C prior to subsequent storage 
at the more lethal condition of —22°C. Here 
all cells (that is, all those which have not 
already succumbed at +2°C) may acquire 
resistance to salt at —22°C. 

The above discussion leads to the consider- 
ation that the cells may adapt to the adverse 
environment presented by 4.6 M NaCl. 
Those cells which, by chance, miss the lethal 
event for a sufficient period have time to 
make the adjustments necessary to enable 
them to resist the event when it does occur. 
Such activity by the cells would account for 
the effect of temperature (Fig. 1), the im- 
provement acquired by holding at a relatively 
high temperature prior to subsequent storage 
at a low temperature (Fig. 2), and also the 
continuously decreasing slope of the survival 
curve at a given temperature. Both death 
and adjustment could presumably result from 
the same stimulus. Which occurs would de- 
pend upon the conditions within the cell that 
influence the rates of the 2 processes. This 
hypothesis, therefore, assigns to the cell an 
active role in adjustment. One alternate hy- 
pothesis must be considered. The adjustment 
to NaCl tolerance may be the result of an 
effect brought about by the NaCl alone, for 
example, some diffusion phenomenon—pos- 
sibly dehydration. According to this hypothe- 
sis the cell would have no active role in ad- 
justment. The first of the 2 hypotheses given 
above was formulated by Eddy and Hinshel- 
wood(2,3,4) to account for the behavior of 
declining populations of Aerobacter aerogenes 
at +25°C in proflavine, m-cresol, and low 
pH. 

E. coli strain 69L-15 attains the “maximum 
stationary phase” in 8 hours or less. The cells 
used in our experiments are from cultures 24 
hours old. Therefore, ‘cold shock,” which 
occurs only with cells in the “logarithmic 
phase”(5), would not be expected to be a 
factor here. This is substantiated in our ex- 
periments. When a suspension is transferred 
from +2° to —22°C it cools to the latter tem- 
perature within a very few minutes. In spite 
of this, death continues for hours, unless it is 
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arrested by placing the suspension back at 
+2°C (compare curves 2, 3, and 4; Fig. 3). 
Furthermore, relatively little death results 
upon exposure to —22°C in distilled water. In 
one experiment the initial viable cell count 
was 1.4 x 108 per ml; after 1 day the viable 
count was 1.2 x 10° per ml. 


Since the NaCl in the suspensions prevents 
freezing, we are not concerned with extracel- 
lular ice. However, the possible formation 
and role of intracellular ice must be consid- 
ered. Although our experiments do not per- 
mit a definite conclusion as to the presence or 
absence of intracellular ice, they do demon- 
strate that, if this ice is formed, it is not an 
important lethal factor. Firstly, periodic 
fluctuations from —22° to +2°C and back to 
—22°C bring about no greater death than un- 
interrupted storage at —22°C (curves 4 and 
5; Fig. 3). Secondly, we have never detected 
between +-2° and —22°C a crucial tempera- 
ture on each side of which survival differs 
sharply. 

Summary. Suspensions of £. coli in 4.6 M 
NaCl stored under conditions which preclude 
cell division undergo at first a rapid decline 
in viable cells, but as the storage interval is 
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extended the death rate continuously de- 
creases until eventually it becomes negligible. 
Cells that endure the period of rapid decline 
are able to maintain themselves in the saline 
for long periods. This resistance is not herit- 
able. In fact, once the cells are removed from 
the saline their resistance to it is lost. Gener- 
ally, the higher the storage temperature the 
better is survival. Also, holding suspensions 
at a relatively high temperature (+2° or 
~9°C) prior to subsequent storage at a low 
temperature (—22°C) improves survival at 
the low temperature. These data suggest that 
the tolerance to 4.6 M NaCl is acquired while 
the cells reside in the saline and does not exist 
preformed in a segment of the original popu- 
lation. Two hypotheses have been offered to 
account for the adjustment to NaCl tolerance. 
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Gottlieb and Lalich(1) have reported that 
the aortas of swine obtained from slaughter- 
houses occasionally show atheroma-like le- 
sions, and that incidence of these lesions in- 
creases with age. Lewis and Page(2) have 
reported rather high serum cholesterol levels 
and rather high concentrations of low-density 
lipoproteins in at least one strain of pig. It 
was therefore hoped that this species might 
prove a suitable one for studies on effects of 
diet on serum lipoproteins and on the athero- 
sclerotic process. 

Materials and methods. The experimental 
animals were 8 2-year-old boars of a cross- 


bred strain, bred and maintained at Beltsville. 
They had previously been used in breeding 
experiments. Their basal diet consisted of a 
mash made of 60 parts yellow corn meal, 20 
parts soybean oil meal, and 2 parts of min- 
eral mixture. This diet contains approxi- 
mately 2.9% crude fiber, 58.3% nitrogen-free 
extract, 17.6% protein, 3.2% fat, 4.8% ash 
and 13.4% moisture. The experimental diets 
were made by adding 2.2 parts of corn oil or 
2.6 parts of butter to 10 parts of the basal 
diet. Approximately 40% of the caloric 
value of these diets was thereby derived from 
fat. The diets were made up weekly and 
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TABLE I. Serum Cholesterol Levels of Swine on 
Control and Experimental Diets. 


Total cholesterol, 


mg/100 ml t p 
Control 52421 | 1.47 1-2 
Corn oil diet 65+15 § cal es 
Control Gils 2a} 1] SiS oe 
Butter diet 84418 ({ ae) 025 


stored in a refrigerator. During the control 
period the animals were free to graze. Dur- 
ing the experimental period the animals were 
housed in pairs in pens that had both inside 
and outside runs. They were fed once daily. 
At the start of the experimental period the 
animals weighed about 475 lb each. An ef- 
fort was made to keep the body weight as 
constant as possible. The animals were bled 
from the jugular vein twice while on the basal 
diet. The interval between bleedings was 
one week. They were bled again after 3, 6, 
and 9 weeks on the experimental diets. They 
were killed and necropsied after 9 weeks on 
the diets. At this time 4 additional boars of 
the same strain and age, maintained on a 
conventional diet, were killed as anatomic 
controls. The serum was analyzed for total 
and free cholesterol(3), for lipid phosphorus 
(4), and for total lipid(5). The triglyceride 
was calculated by difference(5). The 2 serum 
samples collected during the control period 
and the first and third samples during the ex- 
perimental period were subjected to lipopro- 
tein fractionation by repeated ultracentrifu- 
gation at increasing solvent densities(6). The 
fractions were then analyzed chemically for 
lipid and protein content. At necropsy the 
heart and aorta only were examined. ‘Tissues 
were fixed in formalin, sectioned with the 
freezing microtome, and stained with oil red 
O and hematoxylin. 

Results. One corn-oil fed animal lost 27 
lb during the experimental period. All others 
gained weight. The average gain for corn-oil 
fed animals was 31 lb and for butter fed ani- 
mals was 29 lb. This gain represented ap- 
proximately 5% of their original weight. 

The mean serum cholesterol levels together 
with standard deviations for control and diet- 
ary periods are shown in Table I. Animals 
fed corn oil showed a slight increase over their 
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control levels, but the difference is not sig- 
nificant. Animals fed butter showed a sig- 
nificant increase with the probability that it 
was due to chance 1 in 40. When the levels 
in the butter fed group are compared with 
the levels in the corn-oil fed group the p value 
is 0.02. The maximum rise in serum choles- 
terol levels occurred within the first 3 weeks 
of butter feeding. Thereafter the levels re- 
mained relatively constant. The cholesterol- 
phospholipid ratio showed no _ significant 
changes, averaging 0.84 under all conditions. 
The serum triglyceride levels averaged 40 mg 
per 100 ml. There were no significant dietary 
differences. 

Fractionation of serum lipoproteins during 
the control period showed that the very low- 
density classes (Sf{>10) carried practically 
all the serum triglyceride and therefore varied 
in concentration with the latter. As is true 
of all animal species so far studied, with the 
single exception of man, concentration of low- 
density lipoproteins (Sf 0-10) was less than 
concentration of the high-density lipopro- 
teins. During the control period the former 
averaged about 84 mg per 100 ml, the latter 
207. The cholesterol:phospholipid ratio in 
the low-density fraction (Sf 0-10) exceeded 
unity. In this respect swine resemble man 
rather than other mammals studied. 

Animals on the corn oil diet showed no sig- 
nificant changes in lipoprotein patterns over 
the control period. Animals on the butter 
diet showed an increase in the high-density 
classes only. The mean increase in choles- 
terol content of this class was 30%, in phos- 
pholipid content 29%, and in protein content 
19%. 

Examination of the hearts of the 12 ani- 
mals revealed no abnormalities of valves or 
coronary arteries. The aortas of 6 animals, 
however, revealed lesions. These were sharply 
delineated thickenings of the intima. They 
were longitudinal, paralleling the long axis 
of the aorta and varied in size up to 5 x 2 mm 
of the same pale color as the surrounding nor- 
mal intima. They were confined to the de- 
scending thoracic aorta and appeared identi- 
cal with those illustrated by Gottlieb and La- 
lich(1). 

Microscopically these intimal thickenings 
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showed that 2 types of cell predominated. 
One type resembled the histiocyte and con- 
tained in its cytoplasm varying quantities of 
sudanophilic material. Some were engorged 
with lipid. The other type of cell was round 
and its cytoplasm swollen with unidentified, 
homogeneous, unstaining material. In some 
lesions one type of cell predominated; in 
other lesions, the other type. These lesions 
were found in 1 of the corn-oil fed group, in 
3 of the butter fed group, and in 2 of the 
control group. 

Discussion. The feeding of butter to swine 
resulted in an elevation of serum cholesterol. 
Feeding of isocaloric quantities of fat as corn 
oil did not produce significant elevation in 
serum cholesterol levels, so the rise in the 
butter-fed group was presumably not caused 
by increased ingestion of fat per se. The fact 
that elevation in serum cholesterol was con- 
fined to an elevation in high-density lipopro- 
teins was surprising. Manipulations of diet 
in man and most other experimental animals, 
if they affect the serum lipids at all, usually 
alter concentration of the low-density lipo- 
proteins. It has been shown in the rat, how- 
ever, that fasting is accompanied by an in- 
crease in high-density lipoproteins and that 
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carbohydrate feeding is accompanied by a 
decrease in these same classes(7). 

Summary. 1) Addition of butter to the 
diet of swine caused a significant elevation in 
serum cholesterol levels. This did not occur 
in other animals fed isocaloric quantities of 
corn oil. The increase in cholesterol was lim- 
ited to the high-density (alpha) lipoproteins. 
2) Necropsy after 9 weeks of experimental 
diets revealed lesions somewhat resembling 
human atheromata in 50% of aortae. The 
same incidence was found in control animals 
on a conventional diet. 
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The transmission of the polio-encephalo- 
myelitis group of viruses is not clearly under- 
stood(1,2). The most probable natural mode 
of transmission is fecal-oral dissemination 
with the alimentary tract as portal of entry. 
This hypothesis is supported by the finding 
of virus in feces and throat washings from 
patients and in sewage and flies(3). Persis- 
tence and possible multiplication of virus in 
non-biting flies(4) suggests that polio-en- 


* Aided by grant from the National Foundation 
for Infantile Paralysis. 


cephalomyelitis viruses may escape the in- 
testinal-oral cycle in the natural mammalian 
carrier by transmission through arthropods to 
new hosts. Incrimination of flies as potential 
vectors(3,4) suggests a similar role for cock- 
roaches, since in many areas of the world the 
association of cockroaches with man’s food 
and excreta exceeds that of flies. Supporting 
evidence is limited to recent experimental find- 
ings. Hurlbut(5) reported that after injec- 
tion of human poliomyelitis virus (Lansing 
strain) into the haemocoele of the cockroach, 
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Periplaneta americana, virus could be recov- 
ered 15 days later by passage of triturated 
whole cockroach to normal mice. He was not 
able to demonstrate virus in roach feces or 
eggs. Woke and Rosenberger(6) reported 
that injection of mouse strain FA encephalo- 
myelitis virus into haemocoeles of several 
species of invertebrates resulted upon titra- 
tion of the entire triturated invertebrate in 
evidence for virus survival to 28 days. The 
authors(7) showed that Periplaneta ameri- 
cana under experimental conditions could ac- 
quire GDVII strain mouse encephalomyelitis 
virus. After being fed, the virus was har- 
bored intracorporeally for as many as 7 days 
and excreted daily in amounts sufficient to 
kill mice. Further experiments(8) with Peri- 
planeta americana fed a single meal contain- 
ing Coxsackie virus (Group A, Type 4, Min- 
nesota 1 stain) proved that test roaches ex- 
creted daily for as many as 15 days sufficient 
virus to paralyze and kill test mice. Control 
experiments showed that paralysis and death 
of test mice resulted from infection by Cox- 
sackie virus and not from extraneous bacterial 
or viral infection. 

The present paper reports for the American 
cockroach, Periplaneta americana, survival of 
active Coxsackie virus from time of oral in- 
gestion. 

Materials and methods. Feeding of virus 
to adult cockroaches (Periplaneta americana) 
strapped by cellulose tape to corks(9) was 
accomplished with tuberculin syringe and 
blunt needle: a single meal of 0.2 ml of a 
10% hind limb suspension from mice mori- 
bund from Coxsackie infection was fed. The 
diet thereafter consisted of fox chow and 
water. Harvesting of viscera was done at 4 
intervals of 5 days: 3-8 cockroaches were dis- 
sected to obtain pools of viscera representing 
(a) gastro-intestinal tracts, (b) salivary 
glands, (c) reproductive organs, and (d) fat 
bodies and haemocoeles. Care was taken to 
prevent intermixing of visceral fluids and de- 
hydration of viscera. Tissues were stored at 
~20°C until tested for virus. Virus assays 
were done on each 5-day pool of viscera, tri- 
turated in a mortar with 0.85% NaCl solu- 
tion and antibiotics to yield a 10% tissue sus- 
pension and a final concentration of 500 units 
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of penicillin and 100 pg of streptomycin. 
After 30 minutes at room temperature, sus- 
pensions were centrifuged at 700 rpm for 10 
minutes. The supernatant fluid in 0.05 ml 
doses was injected intraperitoneally into lit- 
ters of 24 to 48-hour-old Swiss albino mice. 
Results. Results of 13 experiments are 
summarized in Tables I and II. Table II 
presents the findings in graphic form and in- 
cludes results of periodic tests of 24-hour 
fecal specimens from test cockroaches. 
Pooled gastrointestinal tract samples re- 
moved from cockroaches at 5-day intervals up 
to 20 days following a single feeding of Cox- 
sackie virus yielded on intraperitoneal injec- 
tion sufficient virus to paralyze and kill test 
mice in from 2 to 4 days (Table I). Passage 
of 1% hind-limb suspensions from dead re- 
cipient mice to new litters demonstrated le- 
thal content of virus. Salivary glands were 
found in about half of the experiments to 
contain virus; in most cases, virus recovery 
was limited to 5-day samples. In one experi- 
ment virus was demonstrated in the 5, 10 and 
20-day samples, but not in the 15-day ma- 
terial. Fat bodies and haemocoeles yielded 
virus 3 times in 32 attempts. The irregular- 
ity suggests cross contamination during dis- 
section. Reproductive organs _ similarly 
yielded virus only a few times. Fecal speci- 
mens periodically collected at 24-hour inter- 
vals and inoculated intraperitoneally con- 
tained irregularly sufficient virus to paralyze 
and kill test mice (Table Il). Effect of feed- 
ing Coxsackie virus-fed cockroaches to adult 
Swiss albino mice was determined with adult 
cockroaches fed a known content of Cox- 
sackie virus as previously described. After 
2 days, 4 cockroaches were fed to 2 mice. Fe- 
cal specimens representative of each 24-hour 
period were collected daily from the mice and 
stored at —20°C until tested for virus. Su- 
pernates of fecal specimens representative of 
4 successive days were prepared by the 
method used for roach tissues: 0.05 ml doses 
were inoculated intraperitoneally into 24 to 
48-hour-old Swiss albino mice. Sufficient 
virus was present in the Ist and 2nd day fe- 
cal specimens to paralyze and kill test mice; 
3 and 4-day fecal specimens were negative. 
Discussion. Under the described experi- 
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2G ie Vi i ice Injected wi Tiseer: spensions from Virus-Fed 
TABLE I. Recovery of Coxsackie Virus in ieee pels with Visceral Suspensions fron 
Cockroaches. 


Days after 


Cockroach series* 


single Mouse é ts ‘ 
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(G. I. tracts) % 
5 ] TE 10710, ~ 8/8) 28/8 0/0 67/ Gee S/ SiO) leo ye 8/8 
at 6/6 6/6) 9/9) 46/6290-6 ian 6/6 9/10 4/4 9/9 
10 1 8/8 Vase (YA ASS PAKS Pte (oy) iysy ON) OYA 3/8 
2 WHE 9/9 6/6 10/10 6/6 6/6 Tae © Hy 
15 il NA OAT OA O/T (NA 21s WY OK 3/8 
2 8/8 8/8 5/5 
20 il 0/7 0/7 0/10 0/10 4/9 
5 9 THT 
(Salivary glands) ‘ 
5 1 0/5. 8/9 2/5 979° Of5 1/9 1/9 IAS (OAS OY 0/8 0/7 1/5 
2 WS 8/8 Walk Lye 8/8 8/8 
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(Fat bodies, 
haemocoeles) 
5 1 5/7 Wei 8/8 0/5 Oyen (OYA OR! 0/6 
2 9/9 0/5 9/9 
10 il 0/6 Wh OS OY 0/6 0/8 0/5 0/7 0/6 0/4 
y 0/3 
15 1 O78) 80/7 0/5 0/7 Of5; VOSA 0/8 0/9 
2 9/9 
20 1 0/7 0/8 0/8 0/3 
2) 
(Reproductive 
organs ) 
5 1 6/10 2/11 0/10 0/8 0/8 1/5 0/4 
2 10/10 7/7 6/6 
10 1 0/9 0/6 0/5 0/8 0/7 0/8 0/7 3/3 
2 5/5 
15 1 0/5 0/6 0/7 0/9 0/6 0/6 0/2 
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Z 8/8 


mental conditions, samples of pooled gastro- 
intestinal tracts removed at 5-day intervals 
up to 20 days from cockroaches fed a single 
meal containing Coxsackie virus contained 
sufficient virus to paralyze and kill test mice. 
Recovery of virus from pooled salivary glands 
was limited to 5-day samples with one excep- 
tion when virus was recovered from 5, 10 and 
20 day samples. It appears possible that a) 
cockroaches by feeding on mammalian ex- 
creta could acquire virus, and maintain it 


‘Mice dead of Coxsackie infection/mice inj. intrap., 0.05 ml. 
+ Hind limbs from mice of passage 1 employed as inoculum for passage 2 


for a period of time, and transfer it by con- 
tamination of food, or that b) cockroaches so 
infected might be consumed by wild mice to 
transmit virus through the feces of the mice. 
The presence of Coxsackie virus in feces and 
its recovery from sewage of cities in which 
Coxsackie infections have occurred(3) indi- 
cates that cockroaches have opportunities for 
acquisition of virus. Present and previous 
experimental findings(7,8) suggest a possible 
role for cockroaches in the transmission of 
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TABLE II. Recovery of Coxsackie Virus from 


Cockroach Viscera. 


DAYS AFTER SINGLE MEAL 
G. I. TRACTS 

3 

10 

15 


COCKROACH SERIES 
1 Sn INS 


20 
SALIVARY GLANDS 


3) 


10 
15 
20 


FAT BODIES AND HAEMOCOELES 


[ele 
{Fat T 
5 e Geass e 
10 elolelelelelele e 
15 fli cleleleololomm ie 
20 
ee ORGANS 


— 


e 
@ 
| 
e 
e 


$ | | ee On) 
To Te elelelele 
1B (Le elelelele| |e 
20 e 
FECAL SPECIMENS zl 
Fae a 
eae) 


COXSACKIE INFECTION WITH POSITIVE 
SECOND PASSAGE 


@ NEGATIVE RESULT 


sporadic Coxsackie and poliomyelitis infec- 
tions In man. 


Summary. Gastrointestinal tracts removed 
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at 5-day intervals for up to 20 days from 
cockroaches, Periplaneta americana, fed a 
single meal of Coxsackie virus contained suf- 
ficient virus to paralyze and kill test mice. 
Salivary glands removed after 5 days from 
the test cockroaches also caused paralysis 
and death in test mice; in one experiment, 
salivary glands removed 5, 10 and 20 days 
after a single feeding of virus caused Cox- 
sackie infection in test mice. 
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Hemagglutinating Antigens. 


(23196) 


RatpuH A. Vocet (Introduced by Morris Tager) 
Veterans Administration Hospital, Atlanta, Ga., and Department of Bacteriology, 
Emory University School of Medicine, Ga. 


Erythrocyte sensitizing substances (ESS) 
derived from Candida albicans and Saccharo- 
myces cerevisiae have recently been described 
as requiring lipid for sensitization of red cells 
in the hemagglutination test(1). Further 
studies of these antigens led to an investiga- 
tion of their heat-stability. Unexpectedly it 
was established that these antigens prepared 
by similar technics react differently to heat 
in respect to their capacity subsequently to 
sensitize red cells. In the following report 
serologic activity of ESS from C. albicans and 
S. cerevisiae is compared to whole yeast-cell 
agelutinating antigen from these organisms 
before and after heat-treatment. 


Materials and methods. Preparation of 
antigens and serologic tests employed. ESS 
from C. albicans and S. cerevisiae derived 
from liquid medium, and antisera to these 
organisms were obtained as described recently 
(1). The hemagglutination test described 
previously was used to test activity of these 
antigens(2). Whole yeast-cell antigens were 
prepared from cells grown at optimal tem- 
peratures on Sabouraud’s dextrose agar. The 
cells were heat-killed at 60°C for 2 hours, 
washed 3 times in saline and adjusted to a 
No. 2 McFarland nephelometer tube. The 
yeast-cell agglutination test employed 0.4 ml 
serial dilutions of inactivated rabbit sera to 
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TABLE I. Serologic Activity of Candida albicans and Saccharomyces cerevisiae Antigens be- 
fore and after Heat Treatment. 
a 


Treatment of antigens 


Unheated Heated (70°C 48 hr) Autoclaving 
Antiserum Antiserum Antiserum 
Antigen Cand. Sacch. Cand. Sacch. Cand. Sacch. 
Candida albicans (yeast cells) 2048* 128 2048 128 
Saccharomyces cerevisiae 256 2048 256 2048 
(yeast cells) 
Candida ESS 
Undil. 256 32 512 64 1024 128 
1:2 128 0 256 64 256 128 
1:4 32 0 32 0 128 0 
Saccharomyces ESS 
Undil. 2048 256 0 0 0 0 
1:2 2048 128 0 0 0 0 
1:4 2048 128 0 0 0 0 


* Reciprocal of highest serum dilution giving agglutination. 


which were added 0.4 ml antigen. The test 
was incubated for 2 hours at 37°C and spun 
at 1000 rpm for 5 minutes. The degree of 
clumping indicating a positive reaction was 
read by gently flicking the tubes to resuspend 
the sediment. Heat-treatment of antigens. 
Antigens submitted to heat-treatment were 
either placed in a thermostatically controlled 
water-bath at 70°C or autoclaved at 121°C 
at 15 lb pressure for 15 minutes. The heated 
antigens were then titrated in homologous 
and heterologous antisera to determine any 
alterations in sensitizing activity. 

Results. The effects of heating on yeast- 
cell agglutinating antigens and ESS sub- 
stances are presented in Table I. Heat did 
not diminish serologic activity of the yeast- 
cell agglutinating antigens or ESS from Can- 
dida but did have a profound effect on Sac- 
charomyces ESS. The ESS from Saccharo- 
myces antigen was totally inactivated by 
70°C for 48 hours or autoclaving while the 
Candida ESS showed some increase in antigen 
activity as a result of heating. In experi- 
ments conducted to determine rate of inacti- 
vation of the Saccharomyces antigen it was 
found that at 38 hours red cells sensitized 
with the heated material still agglutinated in 
homologous antiserum. This residual anti- 
body was blocked by adding small increments 
of the Candida ESS antigen to the Saccharo- 
myces antiserum, suggesting the common an- 
tigen shared by these organisms is more resis- 


tant to heat than the type-specific one. 
Studies with inactivated Saccharomyces ESS. 
As noted previously ESS preparations inac- 
tivated by various procedures did not suffer 
a concomitant loss in precipitin activity, pre- 
sumably due to stability of the haptenic poly- 
saccharide portion of the antigen(1). In the 
present heat experiments there was likewise 
no loss in either qualitative or quantitative 
precipitin activities of the heated Saccharo- 
myces ESS despite total loss of its capacity to 
sensitize erythrocytes. 

When Saccharomyces and/or Candida 
antiserum was treated with aliquots of the 
active or heat-inactivated Saccharomyces ESS 
to determine whether heating had altered ca- 
pacity of the antigen to block the hemagglu- 
tination test, oddly enough both the heated 
and unheated materials precipitated large 
quantities of antibody from either Candida 
or Saccharomyces antiserum but did not re- 
move or block all antibody which aggluti- 
nated red cells sensitized with active Sacchar- 
omyces ESS. This residual antibody was 
blocked by subsequent addition of Candida 
ESS, which indicates that it was common 
antibody. Why the Saccharomyces prepara- 
tion did not remove all common antibody is 
obscure at this time, however, it is possible 
that common antigen was almost totally lack- 
ing in these ESS preparations. 

Discussion. The probability is strong in 
view of recent findings that ESS preparations 
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from Candida and Saccharomyces organisms 
as well as from Staphylococcus(3) contain a 
haptenic polysaccharide and a lipid-like ma- 
terial which is instrumental in effecting at- 
tachment of the polysaccharide to red cells. 
There appears to be further evidence in this 
direction as a result of heating experiments 
which show that Saccharomyces ESS antigen 
can be inactivated without altering its sero- 
logic activity as measured in the precipitin 
reaction. The failure of heat to inactivate 
the yeast-cell agglutinating antigens can be 
interpreted to mean that the haptenic poly- 
saccharide, identical to the ESS_ poly- 
saccharide fraction, is firmly bound to the 
cell surface and does not need a lipid factor 
to support serologic activity; it also indicates 
the heat stability of the haptenic polysacchar- 
ide antigen on the surface of the yeast-cell. 
On the other hand the Saccharomyces ESS, a 
cell free antigen, requires participation of 
lipid to develop the antigenic complex in- 
volving erythrocytes and haptenic polysac- 
charide and can be inactivated by heat 
through the lability of the lipid in this in- 
stance. 


Oeding(3) has reported on the heat-lability 
of the Staphylococcal ESS. While it was very 
resistant to heat, 1 N NaOH or storage led to 
its inactivation without loss of precipitinogen 
activity. On the basis of absorption with 
normal red cells which led to the removal of 
the sensitizing factor but very little precipi- 
tinogen, Oeding suggests the presence of 2 
antigens with identical specificity but only 
one with the ability to sensitize red cells. We 
have attempted to identify 2 such compon- 
ents in our preparations with similar technics 
but have found that absorption of extracts 
with normal red cells, which inactivates their 
sensitizing properties does not do so by re- 
moval of the ESS but by the blocking action 
of surface protein of normal red cells. The 
latter can be removed by deproteinization re- 
sulting in reactivation of absorbed, inacti- 
vated extracts. 


It has been stated that heat is not neces- 
sary for activation of these ESS preparations 
(1). In the present study it was found that 
the Candida extracts, while not requiring heat 
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for activation, did acquire enhanced activity 
as a result of heat treatment (Table I). Both 
Neter(4) and Landy(5) have previously 
noted the activating effect of heat on entero- 
bacterial hemagglutinating substances. 

C. albicans and S. cerevisiae share a com- 
mon antigen which can be demonstrated by 
the gel diffusion technic(6). Likewise red 
cells sensitized with ESS from either organism 
cross react in the other antiserum which is 
further evidence of common antigen. While 
the Saccharomyces ESS activity is totally in- 
activated by heat for either serum, the Can- 
dida ESS is somewhat enhanced by heat in 
both sera. It is very likely, from these ob- 
servations, that the common antigen shared 
by these 2 organisms is combined with dif- 
ferent lipid carriers, one heat-labile, the other 
heat-stable. 

These studies were initially undertaken to 
study the antigens of a common yeast-like 
pathogen such as Candida albicans and a sap- 
rophytic yeast Saccharomyces cerevisiae. 
While there are many striking differences al- 
ready recorded regarding animal pathogeni- 
city and morphologic features of these organ- 
isms, it is interesting to note that antigen de- 
rived by similar means from these organisms 
exhibit striking differences in their stability 
to heat. 

Summary. The heat-lability of erythrocyte 
sensitizing substances from Candida albicans 
and Saccharomyces cerevisiae was examined. 
Heat-treatment enhanced activity of Candida 
(ESS) antigens while it totally inactivated 
Saccharomyces (ESS) antigen. The common 
(ESS) antigen shared by these organisms is 
believed to be more resistant to heat than the 
type-specific antigen. Heat treatment did not 
affect activity of the whole yeast-cell antigens 
of Candida albicans or Saccharomyces cere- 
visiae. 
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Studies of antigenicity of hyaluronic acid 
indicate that it is not antigenic by itself(1) 
and when coupled chemically with protein it 
does not act as a hapten(2). Recent work of 
Glynn and Holborow(3) reports the produc- 
tion of complete antigens from vegetable poly- 
saccharides (chondroitin sulfate) to auto- 
antigens by group A hemolytic streptococci 
(4). Although Glynn and Holborow have 
since indicated that they have been unable to 
repeat their work and that observed anti- 
bodies were directed against blood group like 
substances and not against chondroitin sul- 
fate itself(5), the question of whether hyal- 
uronic acid, and other tissue polysaccharides 
might become autoantigenic is important in 
possible interpretations of the pathogenesis of 
rheumatic fever. It is the purpose of this 
paper to report attempts to render hyaluronic 
acid antigenic. 

Materials. Hyaluronic acid was prepared 
from human umbilical cords according to 
method described by Jeanloz and Forchielli 
(6), and digested with pepsin but not with 
trypsin.# Trypsin digestion was eliminated 
to avoid the necessity of lowering the pH 
with possible denaturation of hyaluronic acid. 
Remaining proteins were eliminated by Se- 


* Aided by grant from S. E. Massengill Co. 

+t Present address: Government Degree College, 
Nainital, U. P., India. 

+ Had trypsin digestion been done it is possible 
that the numerous attempts to remove proteins by 
Sevag’s procedure might have been unnecessary. It 
seems likely that each Sevag procedure removed 
with it some of the hyaluronate, thus accounting for 
the very small yield of 255 mg from a starting ma- 
terial of 2000 g of human umbilical cords which had 
been stored in acetone. 


vag’s procedure(7) which was performed at 
least 10 times. Sulfur-containing compounds 
were removed by treating the hyaluronic acid 
solution twice with ammonium sulfate and 
pyridine(6). Streptococcal hyaluronic acid 
was prepared from the N.Y. 5 strain of group 
A hemolytic streptococcus, employing the 
method of Pierce and White(8). The small 
amount of residual protein was removed by 
Sevag’s procedure. A crude extract of um- 
bilical cords was prepared according to the 
method of McClean et al.(9). Bacteria used 
as antigens were 3 strains of group A beta 
hemolytic streptococci belonging to serologi- 
cal types 1, 4 and 14, and a strain of hemo- 
lytic Staphylococcus aureus. In preparation 
of materials for inoculation, the bacteria were 
incubated for 18 hours at 37°C in 100 ml of 
brain heart infusion broth, centrifuged and 
taken up in 25 ml of 0.85% saline. Half of 
this bacterial suspension was employed as 
antigen without exposure to hyaluronic acid, 
and half was centrifuged and resuspended in 
10 ml of a solution of cord hyaluronic acid, 
1 mg hyaluronic acid/ml of 0.85% saline. 
Bacteria were not exposed to streptococcal 
hyaluronic acid. Half of the bacteria were 
incubated at 37°C for 1 hour with hyaluronic 
acid before being heat-killed and half after 
being heat-killed. Then these suspensions 
were washed 4 times in 0.85% saline. A por- 
tion of the suspension in contact with hyal- 
uronic acid before killing was not washed to 
test any possible effect of washing on anti- 
genicity. Careful controls were observed to 
insure pure cultures. The cord hyaluronic 
acid and streptococcal hyaluronic acid in- 
jected without bacteria contained 1 mg and 
1.3 mg hyaluronic acid respectively/ml of 
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solution. Group A, type 1 strain had been 
recovered from a patient with pharyngitis 
about 3 weeks preceding onset of rheumatic 
fever; this strain produced streptolysin “O”, 
streptokinase and hyaluronic acid, but no 
hyaluronidase. Strain A-14 was recovered 
from a patient with pharyngitis about 2 weeks 
preceding onset of rheumatic fever and pro- 
duced streptolysin “O”, streptokinase, hyal- 
uronic acid and a small amount of hyaluroni- 
dase after 7 days’ incubation. The source of 
group A, type 4 was unknown but it produced 
relatively large amounts of hyaluronidase. 
The strain of Staphylococcus aureus was re- 
covered from a patient with infected skin ul- 
cen. 

Methods. Intravenous inoculation  pro- 
cedures. Young adult rabbits weighing be- 
tween 5% and 6% lb were injected intra- 
venously in the marginal ear vein with anti- 
gens indicated in Table I. Three rabbits were 
used to test each antigen. Each rabbit re- 
ceived 1 injection of 0.5 ml of antigen daily 
for 3 days during the first week. They were 
allowed to rest 4 days, then received 1 ml 
daily for 3 days, followed by 4 days’ rest. 
This routine was followed for 4 more weeks. 
The dose of hyaluronic acid antigens was ad- 
justed so that each injection after the first 
week contained 1 mg of hyaluronic acid. 
After 6 weeks the rabbits were reinjected fol- 
lowing the same schedule for 3 more weeks. 
The seventh course of injections was given 
subcutaneously in a dose of 0.5 ml; all subse- 
quent injections consisted of 1 ml intraven- 
ously. Each rabbit received a total of 27 in- 
jections. The rabbits were bled from the ear 
vein 1 week after completion of the third 
course of injections, 2 days after completion 
of the sixth course and 8 days after the ninth 
course. The serum was separated and Mer- 
thiolate added to a strength of 1:10,000 be- 
fore storing at 4°C-8°C. Intramuscular and 
subcutaneous inoculation procedures. Anti- 
gens given by these routes are listed in Table 
I. The hyaluronic acid or crude extract con- 
tent of each antigen was 1 mg/ml. The dose 
was 0.5 ml 3 times weekly for an average of 23 
injections. Procedure for administering these 
antigens differed from that described above 
in that half the animals received bacteria 
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which were heat-killed before contact with 
hyaluronic acid or crude extract and half re- 
ceived bacteria which were killed after con- 
tact. In this way the possible effect of any 
hyaluronidase elaborated by group A, type 4 
hemolytic streptococci could be observed. 
Each rabbit was bled before any antigen was 
given, at 2 week intervals during antigen ad- 
ministration, and 10 days following last in- 
jection. Test for precipitating antibodies. An 
optimal proportion technic was employed in 
which sera were tested undiluted, 1:4, 1:8 
and so on to a dilution of 1:64. The antigens, 
1 mg hyaluronic acid or crude extract/ml of 
0.85% saline, were diluted identically. Each 
serum dilution was tested with each antigen 
dilution beginning with undiluted serum plus 
all antigen dilutions, etc. Dilutions of sera 
and antigens were made in small serological 
tubes. The serum was first taken up in a 
capillary tube to a height of about 1 cm, 
then overlaid by an equal volume of antigen. 
The tubes were incubated at 37°C for 2 hours 
after which they were placed in refrigerator 
at 4°C-8°C overnight. They were observed 
for evidence of precipitate during and after 
37°C incubation and after 4°C-8°C incuba- 
tion. Test for antigroup-specific C carbohy- 
drate. Streptococcal C carbohydrate was ex- 
tracted according to the procedure of Swift, 
Wilson and Lancefield(10). Serum from each 
rabbit which had received streptococci intra- 
venously was tested for presence of antibodies 
against the group-specific C carbohydrate. 
Test for antitype-specific M protein. Sera 
from rabbits which had received streptococci 
by various routes were tested for precipitat- 
ing antibodies against M protein. M protein 
was extracted from each strain of hemolytic 
streptococcus according to method described 
by Lancefield(11). Test for skin sensitivity. 
Each rabbit was skin-tested with 0.1 mg in 
0.1 ml of the antigen which it received: um- 
bilical cord hyaluronic acid, streptococcal hy- 
aluronic acid, or crude extract. Injection 
sites were observed immediately and at 24, 48 
and 72 hours for erythema and induration. 
Test for mnon-precipitating, skin-sensitizing 
antibodies. A test for non-precipitating, skin- 
sensitizing antibodies was performed with 
sera of rabbits which had received either 
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streptococcal or umbilical cord hyaluronic 
acid intravenously with or without bacteria, 
employing the Prausnitz-Kiistner technic. 
Test sites were prepared by injecting 0.1 ml 
of each rabbit’s serum intradermally into a 
normal rabbit. Forty-eight hours later, each 
prepared site was injected in its center with 
0.01 ml of the hyaluronic acid which had been 
employed to vaccinate the animal supplying 
the serum. The results were read in 30, 45 
and 60 minutes. 

Results. None of the rabbits had any no- 
ticeable physical reactions following injec- 
tions of antigens. Immunologic results are 
shown in Table I. None of the rabbits de- 
veloped the slightest trace of precipitating 
antibodies against either umbilical cord hy- 
aluronic acid or streptococcal hyaluronic acid. 
The sera of rabbits which had received crude 
extract showed a heavy precipitate which ap- 
peared very rapidly after overlaying with the 
crude extract solution. However, in testing 
sera from these rabbits before they had re- 
ceived any crude extract, the same heavy pre- 
cipitate was observed. Therefore, whatever 
this precipitate was, it was not due to precipi- 
tating antibodies acquired during administra- 
tion of crude extract. 

Skin tests in rabbits inoculated intraven- 
ously, using hyaluronic acid from umbilical 
cords or from streptococci as the skin test ma- 
terial, revealed slight erythema lasting for 2 
days about the injection site in 1 rabbit which 
had received streptococcus A-1, and in 1 
which had received Staphylococcus aureus. 
A large area of erythema, fading gradually in 
3 days, was observed about the injection site 
in 1 rabbit which had received umbilical cord 
hyaluronic acid, and a small area of erythema 
lasting 1 day was seen in another rabbit which 
had received the same antigen. A small 
raised area of induration, 2-3 mm in diameter, 
lasting for 2 days, and a similar “lesion” plus 
a small amount of erythema was observed 
in 2 rabbits which received streptococcal hy- 
aluronic acid. Erythema fading in 3 days 
was observed in 1 rabbit which received strep- 
tococcus A-1 plus hyaluronic acid, and in 1 
which received Staphylococcus aureus plus hy- 
aluronic acid. Erythema 10 x 10 and 10 x 12 
mm was observed at 1 hour in 2 rabbits which 
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received crude extract plus streptococcus A-4. 
In 24 hours the erythema measured 10 x 11 
and 7 x 7 mm and there were small areas of 
induration 4 x 4 and 3 x 3 mm. The indura- 
tion remained for several days. The signifi- 
cance of all the skin reactions is not clear. 
Had induration appeared at all injection sites 
there would have been no question that these 
reactions were indicative of a reaction of the 
tuberculin type, but its absence in all but 4 
animals leaves some doubt as to the signifi- 
cance of erythema alone as a measure of sen- 
sitivity. 

The results of the tests for non-precipitat- 
ing, skin-sensitizing antibodies were entirely 
negative during the 1 hour period of observa- 
tion. 

Sera from rabbits which had received strep- 
tococci incubated with hyaluronic acid were 
tested for precipitating antibodies against M 
protein of types'1, 4 and 14. After the last 
injection, large amounts of precipitating anti- 
body against type-specific M protein were 
present in sera of all but 1 of the rabbits 
which had received streptococcus A-1 or A-14 
alone or in combination with hyaluronic acid. 
A very small amount of precipitin against type 
4 M protein was present in sera of 4 of 6 rab- 
bits which received type 4 streptococci with 
hyaluronic acid or crude extract. Precipitat- 
ing antibodies against an acid extract of type 
4 containing group-specific C carbohydrate 
were present in moderate amounts in sera of 
all rabbits which received type 4. The ability 
of this strain of group A, type 4 to stimulate 
production of anti-M antibodies in rabbits 
must be of a low order. 

Discussion. The results of these experi- 
ments indicate that by itself, hyaluronic acid 
derived from human umbilical cord and from 
group A hemolytic streptococci does not 
stimulate in rabbits the production of precipi- 
tating or non-precipitating, skin-sensitizing 
antibodies, nor does umbilical cord hyalur- 
onic acid become a hapten as does agar(3) 
when exposed to group A hemolytic strepto- 
cocci or Staphylococcus aureus. The same 
can be said for crude extract of umbilical 
cord. The results were the same for all 3 
routes of administration. Why hyaluronic 
acid did not stimulate production of these 
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antibodies is not explained by these experi- 
ments, but it is of interest that Glynn and 
HolborowS also failed to produce antibodies 
to hyaluronic acid using these technics. Pos- 
sibly the hyaluronic acid was depolymerized 
or was not bound tightly to bacterial cells and 
was washed off in preparing the antigens, al- 
though these same workers made the observa- 
tion that live group A streptococci, having 
once been in contact with agar or alginate so- 
lution, acquired antigenicity for these hap- 
tens, which was retained despite repeated 
washing of the live cocci(4). Furthermore, 
in the present experiment 3 rabbits which re- 
ceived immunizing doses of streptococci and 
hyaluronic acid which were not washed, did 
not develop antibodies against hyaluronic 
acid. 

The production of antitype-specific M_ pro- 
tein and antigroup-specific C carbohydrate 
antibodies in rabbits inoculated with strepto- 
cocci is evidence that these rabbits had re- 
ceived a dose of at least 2 antigens large 
enough to stimulate antibody production. If 
hyaluronic acid were antigenic, it would seem 
that there had been ample time for antibodies 
to appear. The possibility that the hyaluronic 
acid may have been destroyed by hyaluroni- 
dase produced by the streptococci does not 
seem valid because type 1 did not produce this 
enzyme and type 14 did so only in very small 
amounts after a 7 day incubation period. 
Rabbits which received hyaluronic acid and 
crude extract which had been incubated with 
hyaluronidase-producing type 4 streptococci 
both before and after being heat-killed did 
not produce antibodies either, so apparentiy 
hyaluronidase did not interfere with any po- 
tential antigenicity of the connective tissue 
components. 

The question of production of skin sensi- 
tivity is not so clear. The presence of small 
areas of induration and erythema in the skin 
of 2 rabbits receiving streptococcal hyaluronic 
acid would suggest that these rabbits might 
have developed some tuberculin-like sensitiv- 
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ity. The same might be said of the 2 rabbits 
which received crude extract plus type 4 
streptococci and developed erythema and 
slight induration 24 hours after test injection. 
Summary. Antigens were prepared from 
human umbilical cord hyaluronic acid, strep- 
tococcal hyaluronic acid, group A hemolytic 
streptococci and Staphylococcus aureus and 
these same bacteria incubated with human 
umbilical cord hyaluronic acid. Rabbits were 
injected intravenously, intramuscularly and 
subcutaneously with these antigens. Neither 
precipitating nor non-precipitating, skin-sen- 
sitizing antibodies against hyaluronic acid de- 
veloped. Anti C carbohydrate and anti M 
protein antibodies were produced in the ani- 
mals which received streptococci, indicating 
that the rabbits had received enough of at 
least 2 antigens, one a carbohydrate the other 
a protein, to stimulate antibody production. 
The development of skin sensitivity to hyal- 
uronic acid was suggested but by no means 
proved. These experiments furnish further 
evidence that hyaluronic acid is probably not 
antigenic by itself, nor does it act as a hapten 
capable of adsorption to group A hemolytic 
streptococci or Staphylococcus aureus. 


The technical assistance of Alberta Jackson is 
gratefully acknowledged. 
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Since Hektoen and Corper’s report(1) it has 
been known that mustard gas inhibits the 
formation of antibodies. With the introduc- 
tion as therapeutic agents of the closely re- 
lated nitrogen mustards, usually methyl 
bis (beta chlorethyl) amine hydrochloride 
(HN2), by Gilman and Philips(2), the pos- 
sibility of lowering resistance to infection or 
producing dissemination of an_ infectious 
process already present was postulated. HN> 
has found its greatest usefulness in the treat- 
ment of malignant lymphomas and at least 
one of these conditions, Hodgkin’s disease, is 
associated with active tuberculosis frequently 
enough for treatment with this agent to pose 
a serious problem. Gellhorn and Collins(3) 
have reported one case of Hodgkin’s disease 
in which they suggest that tuberculosis may 
have been aggravated by HN» treatment. One 
of us is familiar with 2 similar cases in which 
treatment with HN» was followed by rapid 
dissemination of tuberculosis. In none of 
these cases was there adequate study of the 
pre-treatment status of the pulmonary tuber- 
culosis, and the possibility of rapid spread of 
tuberculosis in Hodgkin’s disease without 
treatment is a possibility. Because of the 
consideration that HN» may be a factor in 
decreasing resistance to tuberculous infection, 
the following experiments were devised: 

Methods. Guinea pigs protected by BCG 
were inoculated with virulent tubercle bacilli 
and later treated with HN» to determine the 
effect of the agent on the quiescent foci. At 
first it was decided to use a weight dose of 
HN, comparable to that used in humans but 
it was found that 0.1 mg/kilo given intraperi- 
toneally for 6 days had little or no effect on 
the peripheral leukocyte count of guinea pigs. 
Accordingly, the dosage was gradually in- 
creased to 0.3 mg/kilo for 6 days, which was 
adequate to produce leukopenia but did not 
cause death of the animals. Forty-two guinea 


* Supported in part by USPHS teaching grant. 


pigs weighing approximately 300 g each were 
employed. All animals were initially tested 
with 0.1 ml of a 1:10 dilution of ‘Old Tuber- 
culin” (O.T.) and found to be negative. The 
animals were then divided into 6 groups of 7 
animals each and treated as follows: Group 
I:BCG and Mycobacterium tuberculosis strain 
H37R,; and HNe; II:BCG and H37R,; III: 
H37Ry sand) HIN; 1V~BCG= ands HIN, 
V:H37R, alone; VI:HN»2 alone. The various 
agents and treatments were administered as 
follows: (a) Animals receiving BCG were 
injected in the thigh with 0.1 ml of standard 
suspension.t After 30 days these animals 
were tested with O.T. and all were found to 
be tuberculin positive. (b) 60 days after 
BCG injection animals receiving H37R, were 
inoculated intramuscularly in the thigh with 
0.1 ml of suspension containing 3 mg wet 
weight of bacteria. (c) Nitrogen mustard was 
given intraperitoneally, 0.3 mg/kilo on 6 con- 
secutive days. This was started 15 days after 
injection of H37R,. (d) Groups III through 
VI served as controls. (e) Total leukocyte 
counts, hemoglobin determinations and differ- 
ential counts were performed on animals in 
Group VI immediately before the first injec- 
tion of nitrogen mustard, 2 days after the last 
injection, and every 7 days thereafter for 3 
weeks, 5 determinations in all being made of 
each animal. Blood was obtained by cardiac 
puncture. Two animals died during the 
course of bleeding. (f) Thirty days after in- 
oculation with H37R,, all animals, except 
those of Group VI, were sacrificed and au- 
topsies performed. The animals were in- 
spected for evidence of tuberculosis, and any 
lesions which were equivocal were removed 
for microscopic examination. A modification 
of the Steenken and Baldwin(4) and Feld- 
man(5) schemes for recording experimental 


+ Obtained through the courtesy of N. Y. State 
Department of Health, and supplied by Dr. J. D. 
Aronson, Henry Phipps Institute. 
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mg/kilo of nitrogen mustard given intraperitoneally 

on 6 successive days to guinea pigs. Each symbol 

represents a single animal. A higher dosage resulted 

in significant mortality. Lower doses were without 

hematological effect. Two animals died during bleed- 
ing and are not included. 


tuberculosis in guinea pigs was used. Exten- 
sive involvement of an organ or regionl lymph 
nodes was graded as 4 with successively less 
involvement graded down to 0 for no evidence 
of lesions. The parts inspected and graded 
were the injection site, inguinal nodes, retro- 
peritoneal nodes, mediastinal nodes, axillary 
nodes, spleen, liver, and lungs. (g) Total in- 
volvement within a group was computed and 
tests for statistical significance of means were 
performed. 

Results. On a dose regimen of 0.3 mg 
HN>/kilo body weight given intraperitoneally 
on 6 consecutive days it was possible to pro- 
duce significant lowering of the total leuko- 
cyte count in groups of guinea pigs similar to 
those employed in the experiment (Fig. 1). 
The normal range of leukocyte counts in 
guinea pigs is between 5,000 and 10,000 cells/ 
cu mm. While average counts are only 
slightly below the normal minimum, it can 
be seen that in 4 of the 5 individual animals 
there was a significant drop. Because the 
bleeding schedule for blood counts was set 
at 7-day intervals, it was conjectured that 
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blood loss might affect the counts. Another 
group of animals not subjected to HNg treat- 
ment and bled at 7-day intervals did not re- 
veal any decrease in total leukocytes. 

The results given in Table I disclose no 
demonstrable difference in amount or spread 
of tuberculosis in groups of treated and un- 
treated animals. The findings in various con- 
trol groups substantiate the effectiveness of 
the various agents used. 

Discussion. Various explanations for re- 
sistance of previously infected subjects to 
dissemination of tubercle bacilli or reinfection 
or reactivation of disease under certain condi- 
tions have been proposed. Evidence support- 
ing or disproving these various explanations 
has been conflicting and the problem has not 
yet been solved. Therefore, speculation as to 
the reasons for the observed exacerbation of 
quiescent tuberculosis following treatment 
with HN» has not been attempted. What we 
have attempted was to ascertain if the course 
of experimental infections in animals would 
be affected by treatment with HN». It was 
postulated that when dissemination of disease 
in patients followed administration of HNe, 
resistance had previously been good and that 
subsequent spread was due to a breakdown of 
that resistance. In Groups I and JI in our 
study an attempt was made to set up similar 
conditions. When Group I animals were 
subjected to challenge with HN» no measur- 
able difference in dissemination was observed 
between these animals and those of Group 
II. The other groups included in the study 
served as controls for the variables in the ex- 
periment. 

In a previous experiment with larger num- 


TABLE I. Mean Amount of Tuberculosis Ob- 
served in Groups I through V. 

Groups i ders Tiel Lv ve 

Injection site 40 5400 Omen) 
Inguinal nodes a AD ale 0). TB 
Retroperitoneal nodes 8 a, ale OS AD 
Mediastinal nodes oe Ie 1 PAO) 
Axillary nodes 0 0 0 0 oll 
Spleen 0 SS PIE SO) DE7/ 
Liver 0 0 a OR ees 
Lungs 0 0 0 0 8 
Total Bus Bye) di) LS 


Group I—BCG, H37R,, HN,. Group II—BCG, 
H87R,. Group III—H37R,, HN;. Group IV—BCG, 
HN>. Group V—H37R,. 
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bers of animals, the dose of nitrogen mustard 
was smaller, having been predicated on that 
used in humans. While the results obtained 
were identical with those in the present study, 
they were open to question because no sig- 
nificant leukopenia could be demonstrated 
with this dose. 

In the present study the dose of HN» was 
calculated to cause a significant drop of leu- 
kocytes without causing death. The differ- 
ence in dosage which will accomplish this ef- 
fect was found to be very critical, since the 
animals remained well and healthy on one 
dose and were killed quickly when the dose 
was increased very slightly. It is believed, 
therefore, that HN» was given in an amount 
which would affect the animals since leuko- 
penia occurred regularly in our test group. 

In Groups I and II the animals were made 
resistant to subsequent challenge with viru- 
lent tubercle bacilli by prior inoculation with 
BCG. Reference to Table I indicates that 
virulent organisms were confined to the injec- 
tion site and adjacent nodes, a situation anal- 
ogous to that of patients with quiescent tuber- 
culosis. Treatment with HNe appears to have 
had no effect on animals thus treated, since 
the amount and distribution of the infection 
were essentially the same. 

In Groups ITI and V the animals were also 
inoculated with virulent organisms but did 
not have the protection of BCG. The guinea 
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pigs receiving HN» appeared to have less dis- 
semination of the disease than those not re- 
ceiving it. A statistical analysis of the data? 
in these groups reveals the difference between 
the mean amount of tuberculosis present in 
treated and untreated animals to have no sig- 
nificance. 

No effect was evident when animals of 
Group IV, which were given BCG alone, were 
subjected to treatment with nitrogen mustard. 

Summary. Nitrogen mustard administered 
intraperitoneally to guinea pigs in a dose of 
0.3 mg/kilo for 6 days was sufficient to pro- 
duce significant leukopenia but had no appre- 
ciable effect on amount or spread of tubercu- 
lous infection nor did it reduce the protection 
produced by prior vaccination with BCG. 


¢{ Acknowledgment is made to Sandra Heslin, Sen- 
ior Bio-statistician, Office of Program and Develop- 
ment Evaluation, N. Y. State Department of Health, 
for aid in analysis of the data. 
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Method for Simultaneous Estimation of Pregnane-3a, 17a, 20a-Triol and 


Pregnane-3a, 17a, 20a-Triol-11-One in Urine. 


(23199) 


M. FINKELSTEIN AND R. I. Cox* (Introduced by B. Zondek) 
Hormone Research Laboratory, Hebrew University-Hadassah Medical School, Jerusalem, Israel, 
and Department of Veterinary Physiology, University of Sydney, Australia. 


Cases of adrenogenital syndrome due to 
adrenal hyperplasia excrete large amounts of 
C-20-methyl steroids such as pregnane-3a, 
17a, 20a, triol(1), and pregnane-3a, 17a, 
20a, triol-11-one(2), in the urine. Although 
milligram amounts of pregnane-3a, 17a, 20a- 


* Supported by Fellowship and Grant from New 
South Wales State Cancer Council. 


triol are also excreted in cases of adrenal viril- 
izing tumor(3) and small quantities of this 
steroid are present in the urine of normal per- 
sons(4), the presence of pregnane-3a, 17a, 
20a-triol-11-one has been established so far 
only in cases of adrenal hyperplasia(2). In 
all the above publications the presence of 
both compounds was established by isolation 
and identification. However, until recently 
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no accurate analytical method has been avail- 
able which would enable an easy screening of 
urines for presence of pregnane-3a, 17a, 20a- 
triol and pregnane-3a, 17a, 20a-triol-11-one. 
Recently, Finkelstein and Goldberg(5,6) de- 
scribed a test for qualitative and quantitative 
estimation of pregnane-3a, 17a, 20a-triol-11- 
one. It was shown that pregnane-3a, 17a, 20a- 
triol-11-one could be visualized on filter paper 
by moistening the paper with 70% phos- 
phoric acid, heating it at 87°C for 10 minutes, 
quickly cooling to room temperature and ir- 
radiating with U.V. light with a maximal 
emission at 3660A. Under these conditions 
pregnane-3a, 17a, 20a-triol-11-one produces a 
brilliant blue fluorescence which is clearly vis- 
ible with 1-2 yg of the compound/sq. cm. 
Combined with paper chromatography, this 
reaction was found suitable for detection of 
pregnane-3a, 17a, 20a-triol-11-one in urinary 
extracts. 

Results. With this method pregnane-3a, 
17a, 20a-triol-11-one was detected in quanti- 
ties above 40 »g/24 hr urine (which is the 
lowest limit of the test) only in urine of pa- 
tients classified as female pseudohermaphro- 
dites and macro-genitosomia praecox due to 
adrenal hyperplasia. On the other hand, 
pregnane-3a, 17a, 20a-triol-1l-one was not 
detected in the urine of normal persons, or of 
patients with apparently “normal” endocrine 
function but receiving large amounts of 
ACTH and cortisone, or of patients with viril- 
izing and non-virilizing adrenal tumors. 

This method suffered, however, from the 
drawback that hot acid treatment was used 
for hydrolysis of urinary steroid conjugates, 
under which conditions pregnane-3a, 17a, 
20a-triol is very rapidly destroyed(7). This 
steroid, of interest because of its occurrence 
in relatively high concentration in urine of 
patients with adrenal hyperplasia and also in 
cases with virilizing adrenal tumors, is thus 
destroyed in the test of Finkelstein and Gold- 
berg (6). 

Since pregnane-3a, 17a, 20a-triol is readily 
liberated from urinary conjugates with ,- 
glucuronidase preparations(4,8), we investi- 
gated the possibility of developing a method, 
using enzymic hydrolysis and suitable for si- 
multaneous determination of pregnane-3a, 
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17a, 20a-triol and pregnane-3a, 17a, 20a- 
triol-11-one. Three conditions had to be ful- 
filled in order to make such a single method 
for both compounds workable, (1), that con- 
jugated urinary pregnane-3a, 17a, 20a-triol- 
11-one could be hydrolysed with £-glucuroni- 
dase under conditions employed for the hy- 
drolysis of bound pregnane-3a, 17a, 20a-triol ; 
(2), that both compounds could be identified 
under identical conditions, and (3), that preg- 
nane-3a, 17a, 20a-triol could be easily sepa- 
rated from pregnane-3a, 17a, 20a-triol-11-one. 

These requirements are satisfactorily met 
under the following conditions: (1) Enzymic 
hydrolysis of urine of cases of adrenal hyper- 
plasia under conditions suitable for liberation 
of pregnane-3a, 17a, 20a-triol(8) has yielded 
amounts of pregnane-3a, 17a, 20a-triol-11-one 
similar to those obtained after hot acid hy- 
drolysis. Both a molluscan preparation of B- 
glucuronidase(9) and Viobin Spleen glucur- 
onidase have been used. (2) Detection of 
pregnane-3a, 17a, 20a-triol may be carried 
out under the following conditions, identical 
to those used for pregnane-3a, 17a, 20a-triol- 
11-one(6):—5/pug of pregnane-3a, 17a, 20a- 
triol in methanolic solution are applied on a 
Whatman No. 1 (for chromatography) filter 
paper on an area of approx. 1 cm?. The pa- 
per is dried on air (evaporation of the solvent 
may be speeded up by warming with an or- 
dinary electric lamp) then very briefly dipped 
in 70% phosphoric acid, blotted between 2 
sheets of filter paper to remove excess reagent, 
and warmed for 10 minutes in an electric 
oven at 87°C on a preheated enamel tray. 
After rapid cooling a pink fluorescence is ob- 
served with pregnane-3a, 17a, 20a-triol under 
U.V. light of wavelength 3660 A, while in 
daylight a violet color is seen. The fluores- 
cence is clearly visible with 3-6 »g pregnane- 
3a, 17a, 20a-triol/sq cm. As mentioned pre- 
viously, under the same conditions pregnane- 
3a, 17a, 20a-triol-11-one produces a brilliant 
blue fluorescence visible with 1-2 pg/sq cm. 
(3) The separation of the 2 compounds is 
easily achieved using paper chromatography 
in solvent systems described by Zaffaroni 
(10), or systems similar to those. For in- 
stance, chromatography of combined preg- 
nanetriol and pregnanetriolone with benzene 
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Diagram of chromatograms of crystalline 
pregnane-3a,17a,20a-triol- 


FIG. 1. 
pregnane-3a,17a,20a-triol, 
11-one and of urinary extracts. System: benzene/ 
formamide:methanol (1:1). Running time 20 hr. 
Temp. 27°C. Strip I: pregnanetriol-10 ug (P) + 
pregnanetriolone-5 yg (P-one). Strip II: normal 
urine. Strip III: adrenogenital syndrome. Strip IV: 
adrenal adenoma. 


on paper impregnated with formamide: me- 
thanol 1:1, at 27° for 20 hrs produces a sepa- 
ration of the compounds, as shown in Fig. 1, 
strip I. 

Conclusions. An analytical procedure has 
been developed for simultaneous determina- 
tion of pregnane-3a, 17a, 20a-triol and preg- 
nane-3a, 17a, 20a-triol-11-one in urine. This 
procedure consists of enzymic hydrolysis, ex- 
traction of the urine with an organic solvent 
such as chloroform or ether, washing the ex- 
tract with N/1 NaOH and water till neutral, 
and evaporating the extract im vacuo until 
dry. The dry residue is then dissolved in a 
small volume of methanol or ethanol and ap- 
plied to a filter paper for chromatography for 
detection of both compounds through their 
characteristic fluorescence and estimation by 
comparison with standards. The significance 
of a method for simultaneous estimation of 
pregnane-3a, 17a, 20a-triol and of pregnane- 
3a, 17a, 20a-triol-11-one as an aid in differ- 
ential diagnosis between adrenal tumor and 
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adrenal hyperplasia is obvious, since, as 
pointed out above, pregnane-3a, 17a, 20a-triol 
is excreted in excess in cases of adrenal tumor 
as well as in adrenal hyperplasia, whereas 
pregnane-3a, 17a, 20a-triol-11-one is appar- 
ently excreted in large quantities only in cases 
of adrenal hyperplasia. 


Typical results obtained with the method 
described are given in Fig. 1. Strip I shows 
the separation of the crystalline compounds. 
Strip II shows the fluorescence colors ob- 
tained with most samples of urine of normal 
persons. Significant is the absence of the 
blue spot given by pregnane-3a, 17a, 20a- 
triol-11-one and the presence of the faint pink 
or pink in position characteristic for preg- 
nane-3a, 17a, 20a-triol, which indicates small 
quantities of this compound. Strip III il- 
lustrates fluorescence colors given by urinary 
extracts of a case of adrenogenital syndrome, 
due to adrenal hyperplasia (female pseudo- 
hermaphrodite). Here a distinct blue spot is 
visible at the same distance from the starting 
line as crystalline pregnane-3a, 17a, 20a-triol- 
11-one, and aslo a strong pink in a parallel 
position to crystalline pregnane-3a, 17a, 20a- 
triol. Strip IV is a chromatogram of a case 
of adrenal adenoma which shows absence of 
pregnane-3a, 17a, 20a-triol-11-one, but a high 
concentration of pregnane-3a, 17a, 20a-triol 
(strong pink fluorescence). A full report will 
be published. 


Summary. 


A test has been described 


for simultaneous estimation of urinary 
pregnane-3a, 17a, 2Q0a-triol and pregnane- 
3a, 17a, 20a-triol-11-one. After liberation 


from their conjugates by £-glucuronidase hy- 
drolysis and extraction of the free compounds 
from urine, they are distinguished and esti- 
mated by paper chromatography and by the 
specific fluorescence colors which they de- 
velop on heating the paper strips, moistened 
with 70% phosphoric acid, for 10 minutes at 
87°. Increased excretion of pregnane-3a, 
17a, 20a-triol has been observed both in pa- 
tients with adrenal hyperplasia and with 
adrenal tumors. Pregnane-3a, 17a, 20a-triol- 
11-one has been detected so far only in urine 
of patients with adrenal hyperplasia. Based 
on this differential excretion distinction be- 
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tween adrenal tumors and adrenal hyperplasia 
seems to be possible. 


The authors wish to express their sincere thanks 
to Professor C. W. Sydney Se) 
kindly having made available full facilities for per- 
forming this work in his Department. 
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James I. RaEsipE (Introduced by C. W. Turner) 


Massey Agricultural College, University of New Zealand, Palmerston North. 


Recent studies have provided evidence for 
a possible relation between fecal androgen 
and progesterone metabolism in the bovine 
(1). Furthermore, several androgenic com- 
pounds have been identified in the feces of a 
pregnant cow following the administration of 
progesterone(2). While feces from normal 
bulls and steers are inactive(3,4) it is inter- 
esting to note that progesterone administra- 
tion to a bull produced statistically significant 
increases in the androgen content of the feces 
(1). Jn vitro formation of testosterone and 
A*t-androstene-3, 17-dione from progesterone 
has been demonstrated for rat testis(5) and 
human testicular tissue(6). 

In view of this finding, the results of an ex- 
perimeut in which progesterone was given to 
a ram and a castrate male sheep are presented 
as indicating possible conversion of proges- 
terone to androgens by the ovine testis. 

Materials and methods. Collections of 
feces were made daily from 2 male sheep, one 
of which had been castrated as a lamb. The 
ram was a 2-year-old New Zealand Romney 
x Lincoln and weighed approximately 140 lb 
during the period of experimentation. The 
second animal was a New Zealand Romney 


* This work was supported by grant from New 
Zealand Department of Scientific and Industrial 
Research. 


wether, 14 months of age, weighing 80 lb. 
After preliminary collection period of one 
week each animal received daily during the 
next week a subcutaneous injection of 0.5 g 
and 0.25 g respectively, of progesterone in 
arachis oil. Total feces were dried daily for 
48 hours in an oven at 45°C and ground to a 
fine powder in a Wiley mill. White Leghorn 
cockerels from the College Farm were fed the 
dried feces as 10% of the control ration for 
21 days, starting when chicks were 4 days old. 
The increase in comb weight was used to as- 
sess androgen content of the fecal samples 
when compared with the comb response to 
methyl-testosterone incorporated in the feed. 
In a preliminary trial a sample of dried feces 
from a ewe in the last month of pregnancy 
was tested against 3 levels of methyltestos- 
terone and one level of A*-androstene-3,17- 
dione in the chick feed. The latter fecal sam- 
ple had been stored in a dry condition for 2 
years. 


Results. The chick comb response revealed 
some androgenic activity in the feces of a 
pregnant ewe (Table I), whereas the response 
to the feeding of feces from both the un- 
treated ram and wether was slight (Table TE) 
When progesterone was administered, andro- 
gen excretion in the feces of the ram was very 
markedly increased. This finding was in con- 
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TABLE I. Effect of Oral Administration of Androgens to 6 Groups of Male Chicks. 


No. of Body wt Comb wt Comb ratio Testes wt 

‘chicks Treatment (g) (mg) + §.E. + S§.E. (mg) 
15 Control 110.9 52.5 47.3 5.0 21.4 + 1.8 
20 Dried feces* (pregnant ewe) 124.5 202.7 159.2 + 17.2 27.9 + 2.3 
20 Methyltestosterone, 10 mgt 119.5 391.3 320.8 + 28.4 24.4 + 1.6 
20 5 On 125.5 546.4 418.8 + 32.7 19.5 + 2.3 
20 i ae O saa Halo) 792.6 661.5 + 38.1 20.9 + 1.5 
ital A*-Androstenedione, 10 mgt 115.2 892.3 788.1 + 71.4 14.9 + 1.5 


* Incorporated as 10% of control ration. 


t+ Wt of compound/kg feed. 


TABLE II. Effect of Progesterone on Excretion of Fecal Androgens in 6 Groups of Male 


Sheep. 

No. of Body wt Comb wt Comb ratio Testes wt 
chicks Treatment (g) (mg) Se Shldy + §.E. (mg) 
20 Control 124.2 122.6 OD eon) ill 27.8 + 1.8 
20 Ram dried feces*? 146.0 226.9 149.6 + 15.7 36.2 + 2.6 
22 Idem 2 135.9 959.0 695.7 + 50.5 Motes 
20 Methyltestosterone, 10 mgt 141.1 496.9 345.6 + 21.7 31.8 + 2.4 
20 Castrate male dried feces* 154.6 207.3 127.9 + 15.6 32.2 + 2.1 
13 Idem ae 163.2 204.4 1138 =5 15.9 31.4 + 3.4 


* Incorporated as 10% of control ration. 
* Collected before progesterone injections. 


trast to the results from injecting progester- 
one in the castrate male sheep (Table II). 

When comb growth was greatest there was 
a depression of testes weight(4), but hyper- 
trophy of the combs was not always associ- 
ated with a decrease in testes weight. The 
activity of A+*-androstene-3,17-dione was 
much greater than methyltestosterone in 
causing an increase in comb weight. 

Discussion. A difference in the ability to 
transform progesterone to fecal androgen 
seems apparent in the present data from an 
experiment with an entire and castrate male 
sheep. The amount of progesterone adminis- 
tered daily to the ram was twice that given 
to the castrate animal but so, also, was the 
approximate body weight. The data show a 
greater power of conversion of progesterone 
to androgen in the male with testes. 

Since oral administration of progesterone 
to chicks does not stimulate comb growth 
(1,4), no significant activity would result 
from excretion of progesterone as such by the 
sheep. Conversion of progesterone to andro- 
gens by microorganisms of the gastrointes- 
tinal tract(1,2) might explain the slight an- 
drogenic activity in the feces of castrate sheep, 
but would hardly account for the great in- 
crease in fecal androgen of the ram. It would 
appear that the tissues of the ram played a 


t+ Wt of compound/kg feed. 
* Collected during progesterone injections. 


major part in transformation of progesterone 
to androgenic compounds in the feces of this 
animal. While adrenal tissue may be impli- 
cated(7), it seems likely that activity of the 
testes was of more significance. Further sup- 
port is given to this conclusion by the recent 
demonstration of conversion of progesterone 
to androgenic compounds in vitro by rat and 
human testis(5,6). The present data there- 
fore provide evidence that progesterone may 
be a precursor of testicular androgens in vivo. 

Summary. Daily administration of proges- 
terone by subcutaneous injection to a ram 
and a castrate male sheep for one week re- 
sulted in a great increase in the fecal andro- 
genic activity of the ram. This observation 
suggests that progesterone may serve as a 
precursor of testicular androgens in the sheep. 
Some androgen excretion in the feces of a 
pregnant female sheep was noted but little 
fecal androgen from untreated males. 


The author wishes to thank Professor A. L. Rae 
and Mr. T. S. Ch’ang for statistical analysis. 


1. Miller, W. R., and Turner, C. W., Proc. Soc. 
Exp. Brot. AnD Mep., 1955, v90, 142. 

2. Miller, W. R., Turner, C. W., Fukushima, 
D. K., and Salamon, I. I., J. Biol. Chem., 1956, v220, 
Bebe 

3. Turner, C. W., J. Dairy Set., 1947, v30, I. 


302 INTRACELLULAR DISTRIBUTION OF PROTEOLYTIC ENZYMES 


4. Gassner, F. X., Recent Progress in Hormone 
Research, Academic Press, Inc., N. Y., 1952, v7, 165. 

5. Slaunwhite, W. R., and Samuels, L. T., J. Biol. 
Chem., 1957, v220, 341. 

6. Savard, K., Dorfman, R. I., Baggett, R., and 
Engel, L. L., J. Clin. Endocrinol. and Metab., 1956, 


v16, 1629. 

7. Gassner, F. X., Nelson, D. H., Reich, H., 
Rapala, R. T., and Samuels, L. T., Proc. Soc. Exp. 
Brot. anp Mep., 1951, v77, 829. 


Received March 25, 1957. P.S.E.B.M., 1957, v95. 


Intracellular Distribution of Proteolytic Enzymes in Rat Liver Tissue.* 


(23201) 


JouHN T. FINKENSTAEDT (Introduced by C. N. H. Long) 
Department of Biochemistry, Yale University, New Haven, Conn. 


The presence of intracellular proteolytic 
activity in mitochondria isolated from rat 
liver homogenates has been demonstrated (1, 
2). deDuve et al.(2) utilized a modified 
hemoglobin substrate that may have been at- 
tacked by many enzymes. Maver and Greco 
(1) used benzoyl-L-argininamide, but their 
mitochondrial preparations were contami- 
nated with large cytoplasmic granules, prob- 
ably nuclear material. 


Two intracellular proteinases have been ex- 
tensively purified and studied(3,4,5). These 
enzymes have been designated cathepsins B 
and C. Previous work has shown that a syn- 
thetic substrate suitable for the assay of 
cathepsin B is benzoyl-r-argininamide, while 
one for cathepsin C is glycyl-L-argininamide, 
while one for cathepsin C is glycyl-L-tyrosin- 
amide. This paper offers additional informa- 
tion about localization of the intracellular 
proteolytic enzymes of rat liver obtained by 
using synthetic substrates and cellular frac- 
tionation procedures. 

Materials and methods. Liver tissue from 
170 g Wistar strain rats was used in all ex- 
periments. Four grams of liver were homo- 
genized in 36 ml of sucrose solutions by the 
method of Potter and Elvehjem(6). The 0.25 
M sucrose plus 7.5% polyvinylpyrrolidone 
(PVP) solution of Novikofft and 0.88 M su- 


* This work was supported by grants from the 
James Hudson Brown Memorial Fund of the Yale 
University School of Medicine, and the Howard 
Hughes Medical Institute. 


t Reported in Fed. Proc., 1956, v15, 322. 


crose were used as fractionation media. Frac- 
tionation of the homogenates was obtained by 
differential centrifugation following the 
schemes presented by Schneider and Hoge- 
boom(7) with minor modifications. Follow- 
ing fractionation, 5 components were avail- 
able for testing: 1) homogenate, 2) nuclei 
and debris, 3) mitochondria, 4) microsomes, 
and 5) supernatant fluid. 0.88 M_ sucrose 
was added to bring the final volume of each 
fraction to 40 ml. Immediately thereafter, 
the enzyme activity was determined at 37°C 
in a reaction mixture with the following com- 
position: 1) 0.4 ml of citrate buffer 0.04 M, 
2) 0.1 ml of cysteine hydrochloride 0.04 M, 
3) 0.2 ml of the above components, 4) 0.2 ml 
of substrate 0.05 M, and 5) sucrose to a final 
volume of 1 ml and a pH of 5. Samples were 
removed from the incubation mixtures at one 
and 2 hours for analysis in duplicate Conway 
vessels. The analysis was performed with the 
use of a glass electrode system and the addi- 
tion of alkali by a microcapillary burette cali- 
brated in lambdas(8). TVhe substrates util- 
ized were benzoyl-L-argininamide hydrochlor- 
ide monohydrate (BAA), and glycyl-r-tyro- 
sinamide acetate (GTAA). The rates of hy- 
drolysis were linear in all instances. Results 
are listed as cathepsin units (C.U.). A 
cathepsin unit is defined as that amount of 
enzyme or enzyme-containing material that 
provides 1% hydrolysis per minute. Analysis 
for protein nitrogen was done by the micro 
Kjeldahl technic(8) or the biuret method(9). 

Results. The data given in Table I indi- 
cate that the enzymes which hydrolyse BAA 


INTRACELLULAR DISTRIBUTION OF PROTEOLYTIC ENZYMES 


303 


TABLE I. Cathepsin B and C Activity of Normal Rat Liver Fractions. 


—— Cathepsin B* r Cathepsin Ct ————_, 
ING Bs Aft BY 
N, C.U./mg C.U./mg C.U./m C 
Fractions mg/ml CU. < 102 OU 10 Oe ee OU. y tie 
Homogenate 16.0 .08 5) oll 6 12 7 : 7 
Nuclei + debris 5.6 ‘04 7 04 7 03 ‘5 ie 5 
Mitochondria 3.4 27 8.0 29 85 iG 5.0 Big Ea 
Microsomes 2.4 04 1.7 03 1.3 03 rae 04 1.7 
Supernatant fluid 4.6 04 9 03 6 03 6 03 6 
Mitochondria + 26 sll 
microsomes 
Mitochondria + .04 04 
supernatant fluid 
Mitochondria + .06 .05 


microsomes + 
supernatant fluid 


* Substrate, .05 M BAA. 
.25 M—PVP sucrose fractionation. 


and GTAA are localized in the mitochondrial 
fraction of liver homogenates. This hydro- 
lytic activity is greater than the homogenate 
and/or any of the other fractions. This phe- 
nomenon may be the consequence of the re- 
moval of an inhibitor or inhibitors for the hy- 
drolysis of GTAA and BAA present in the 
supernatant fluid of the same homogenates. 
Table I demonstrates this inhibition by show- 
ing the marked C.U. reduction produced by 
adding supernatant fluid to reaction mixtures 
containing mitochondria. 

The inhibiting substance for the hydrolysis 
of BAA is stable to heat (90° for 10 minutes) 
and to freezing. Its activity is recovered in 
the dialysing fluid following dialysis against 
an equal volume of 1% sodium chloride for 
24 hours at O°C. This inhibiting activity is 
lost if the supernatant fluid is either treated 
with an equal volume of 12 N HCl at 110°C 
for 24 hours or reduced to an ash. 

Additional studies indicate that the inhibi- 
tor present in the supernatant fluid is as 
effective in preventing the hydrolysis of BAA 
by partially purified cathepsin B as it is in 
preventing the hydrolysis of BAA by the 
mitochondrial fraction. It is far less effective 
in preventing the hydrolysis of BAA by crys- 
talline trypsin. Crystalline soy bean trypsin 
inhibitor does not alter the hydrolysis of BAA 
by the mitochondrial fraction of rat liver 
homogenates. 

The fractionation media utilized were se- 
lected because of their demonstrated ability 


t Substrate, .05 M GTAA. 


¢ .88 M sucrose fractionation. 


to keep mitochondria as close to the intact 
state as possible. However, incubation me- 
dia and conditions probably lead to disinte- 
gration of the mitochondria. Therefore, it is 
possible that hydrolytic activity for BAA and 
GTAA is associated with the mitochondrial 
fraction. It is not yet possible to postulate 
the exact position of this activity in or on 
the mitochondria. 

Discussion. The results presented support 
the finding of deDuve showing that intracel- 
lular proteolytic activity is associated with 
the mitochondrial fraction of rat liver homo- 
genates. Furthermore, the substrates utilized 
in these experiments are more specific for the 
cathepsins B and C of. Fruton and others 
(3,4). 

Studies on partially purified cathepsin B 
by Greenbaum and Fruton(3) have demon- 
strated that crystalline soy bean trypsin in- 
hibitor had no significant effect on rate of ac- 
tion of cysteine activated cathepsin B on 
BAA. These investigators observed a non- 
linearity between cathepsin B concentration 
and its activity. This was attributed to the 
presence, in spleen extracts, of some inhibitor. 

The results here presented show that the 
mitochondrial substance acting on BAA has 
properties similar to cathepsin B as follows: 
1) it hydrolyses BAA under the same condi- 
tions, 2) it is not inhibited by crystalline soy 
bean trypsin inhibitor, 3) it is inhibited by 
the supernatant fluid substance. The demon- 
stration of this inhibitor for hydrolysis of 
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BAA may be an explanation for the findings 
of Greenbaum and Fruton. 

Hydrolysis ot GTAA by the mitochondrial 
fraction of liver homogenates suggests that 
cathepsin C is associated with this same par- 
ticulate. Cathepsin C has an optimal hydro- 
lytic activity at pH 5.2. From pH 6.6 to 7.8 
extensive transamidation has been observed 
with progressively less hydrolysis(10). Using 
the preparations described in this article one 
will be able to test cytoplasmic particles for 
transamidation and other transfer reactions 
ascribed to the cathepsins. Their role in the 
nitrogen metabolism of normal cells may well 
be larger than the peptidase activity demon- 
strated by the results presented. 

Summary. The mitochondria of rat liver 
homogenates contain proteinases similar to 
cathepsins B and C. An inhibitor for the 
hydrolytic activity of cathepsin B is present 
in the supernatant fluid of the same homo- 
genates. 
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Two secretory adrenocortical tumors are 
being reported; one originated in an irradi- 
ated mouse and the other in a radiothyroidec- 
tomized rat(1). The animals bearing the 
tumor transplants secreted steroids with glu- 
cocorticoid and mineralocorticoid but no 
gonadal activities. The urine of tumor-bear- 
ing mice contained an increased amount of 
17-ketosteroids, particularly the 11-oxyge- 
nated 17-ketosteroids (Bloch and Cohen, un- 
published data). These tumors grew in hy- 
pophysectomized animals. The adrenals of 
unoperated hosts were markedly atrophic in- 
dicating inhibition of ACTH discharge. In 


* Work supported by grant of The N.I.H. 
t Present address: Children’s Cancer Research Fn., 
Boston, Mass. 


the following experiments the im vitro respon- 
siveness of mouse and rat adrenal tumors to 
ACTH was studied in comparison with nor- 
mal adrenal tissues and the nature of the 
steroidal secretions was investigated. 


Materials and methods. Adrenal tissues. 
The previously described mouse strain 2 and 
rat strain 1 adrenal tumors were used(1). 
Normal adrenals were obtained from 3- 
month-old animals of the same strains (LAF; 
mice and WR rats). All animals were killed 
by decapitation. Tumors measuring 2-4 cm 
in diameter were excised and placed in cold 
Krebs-Ringer bicarbonate buffer, pH 7.4, for- 
tied with 200 mg % glucose(2). Tumor 
slices were cut free hand with a razor and 
placed in a Petri dish containing cold buffer. 
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TABLE I. In Vitro Response of Male LAF, Mouse and WR Rat Adrenal Tumor Slices to 
ACTH. 
Se 


ug equiv. cortisol/100 


mg/2 hr 
‘Tumor mU ACTH ACTH Stimulation 
size* (em) Treatment per 100mg No ACTH added ratiot 
Mouse 

4 None 200 1.8 12.6 7.0 
2.5 - 100 3.0 15.2 4.7 
3.5 50 2.6 15.4 5.9 
2.5 60 2.4 15.2 6.4 
3 45 evi 12.0 oll 
3 25 1.4 11.0 8.1 
3 25 5.3 13.9 2.6 

Avg 2.6 se 134 1316 =. 18 6.0 

Rat 

2 None 150 3.4 11.3 3.3 
3 x 130 3.3 17.8 5.4 
5 e 130 9 We) 19.9 
2.5 ‘ 130 ei lee 10.5 
3 130 1 23.6 13.1 
2.0 Adrenalectomy 140 6 16.5 27.6 
2 Gonadectomy 140 5 17.0 11.5 

Avg Th) ae I eases Silo) — (0) 


* Estimated avg tumor diameter. 


ug equiv. cortisol secreted with ACTH 


t+ Stimulation ratio = 
t Mean + stand. dey. 


The normal adrenals were dissected, carefully 
cleaned and cut in halves on buffer moistened 
filter paper. Tissue incubation and steroid 
extraction. The in vitro method of Saffran 
and Schally for bioassay of corticotropin was 
modified to measure the steroid production by 
tumor slices and normal adrenal segments(3). 
Approximately 30-50 mg of normal adrenals 
(about 10 mice or 1 rat were necessary) or 
100 mg of tumor slices were blotted on filter 
paper, weighed accurately on a Roller-Smith 
torsion balance and transferred to a 10 ml 
Erlenmeyer flask containing 3 ml of buffer. 
The flasks were flushed with a 95% Ov-5% 
CO, gas mixture, stoppered and shaken in a 
water bath at 38°C for 1-1%%4 hours. At the 
end of this preincubation period, the buffer 
was removed and 3 ml of fresh buffer were 
added to rewash the slices in order to elimi- 
nate all traces of any interfering substances. 
The flasks received 2.9 ml of buffer and vari- 
ous concentrations of U.S.P. Reference 
Standard Corticotropin dissolved in 0.9% 
saline, the final volume being 3.0 ml. The 
samples were again flushed with the gas mix- 
ture and incubated for 2 hours in a shaking 


ug equiy. cortisol secreted without ACTH — 


water bath at 38°C. At the end of the in- 
cubation period, 2.5 ml of buffer were trans- 
ferred from each flask to a glass stoppered 15 
ml centrifuge tube containing 2.5 ml of puri- 
fied methylene chloride. The tubes were well 
shaken and centrifuged at 2500 rpm to sepa- 
rate the 2 phases. After removal of the lower 
phase, this extraction procedure was repeated 
with 2.5 ml of methylene chloride to insure 
complete removal of the steroids from the 
buffer. The combined extracts were evap- 
orated to dryness and the residue redissolved 
in 1 ml or 2 ml of purified 95% ethanol. All 
determinations were done in duplicate or 
triplicate. Estimation of A*-3-ketosteroids. 
The optical densities of aliquots of the etha- 
nolic extracts were measured at 242 my in the 
Beckman model DU ultraviolet spectropho- 
tometer against an ethanolic blank of a me- 
thylene chloride extract of the buffer. The 
A*-3-ketosteroid concentrations were  ob- 
tained from a standard cortisol curve and are 
expressed as pg equivalents of cortisol/100 
mg tissue/2 hr of incubation. Recovery tests 
were run with 2 and 10 wg quantities of stand- 
ard cortisol in 2.5 ml of buffer to check ef- 
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TABLE II. In Vitro Response of LAF, Mouse and 


WR Rat Adrenal Tumors to Low Dosages of 
ACTH. 
pg equiv. cortisol/100 mg/2 hr 
mU ACTH LAF, LAF, LAF, WR 
per 100mg 3773 ¢ 3680 3 3672 3 274 9 
0 2.3 2.9 2.3 ail 
m9) 6.7 10.6 2.2 
1.0 8.7 12.6 ING 3.0 
2.0 10.7 15.6 13.4 
2.5 10.0 
3.0 14.4 
4.9 9:9 
7.0 9.6 
12.6 11.5 
24.6 12.2 


ficiency and precision of the extraction pro- 
cedures. In 5 experiments at each concen- 
tration, the mean recoveries were 2.1 + 0.2 
ug and 9.8 + 0.3 pg, respectively. When no 
peaks in absorption were observed at 242 
mp, the data were not included in the calcula- 
tions. The steroidal composition of the 
ethanolic extracts was determined by paper 
chromatographic methods(4,5). 

Results. Incubation studies. The mouse 
and rat adrenal tumor A*-3-ketosteroid pro- 
duction with and without ACTH is recorded 
in Table I. The mouse adrenal tumors in- 
creased their secretion of steroids about 6 
fold following addition of ACTH to the incu- 
bation medium. With the rat adrenal tumors, 
the increase was greater due to lower basal 
secretory capacity of the tumor slices in the 
absence of ACTH and higher secretory rates 
in the presence of ACTH. The steroid secre- 
tory rates of the tumor slices seemed to fall 
in the same range despite variations in tumor 
latency periods in the rat(1) following dif- 
ferent types of operative treatment(Table I). 

The sensitivity of these experimental 
adrenal tumors to ACTH was very high. In 
Table II, maximal steroid secretion of both 
rat and mouse adrenal tumor slices was ob- 
tained between 2 and 3 mU of ACTH per 100 
mg tissue. These peak steroid values are 
similar to those in Table I where higher dos- 
ages of ACTH were given. 

Incubation time studies of the total A‘-3- 
ketosteroid secretion of mouse and rat 
adrenal tumor slices are shown in Fig. 1. 

The basal secretory rates of the normal 
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FIG. 1. Rates of A\+#-3-ketosteroid secretion by 

mouse and rat adrenal tumor slices with maximal 

amounts of ACTH (60 mU for the mouse, 115 mU 
for the rat) and control slices. 


mouse and rat adrenal segments (medulla in- 
tact) were higher per unit weight than those 
exhibited by the respective adrenal tumor 
slices (Tables III and IV). In turn, the 
maximal responses to ACTH by the normal 
tissues were also higher, resulting in activity 
ratios approximating that of the mouse 
adrenal tumor slices. Minimal stimulatory 
concentrations of ACTH for the normal mouse 
and rat adrenals were not determined. In 
testings with our group of normal rat adrenals, 
ACTH concentrations of 75-100 mU were 
maximal; with the normal mouse adrenals, 


TABLE III. Response of Normal Male LAF, 
Mouse Adrenal Halves to ACTH. 
mUACTH yg equiv. corti- Stimulation 
per 100mg_ sol/100 mg/2 hr* ratiot 
0 6.4 10.4 
336 66.5 
0 14.4 4.1 
210 59.5 
0 6.3 5.6 
640 35.3 
0 6.9 
630 70.0 10.1 
560 54.7 7.9 
Avg 0 8.5 7.6 
210-640 57.2 


* One flask containing 10-11 adrenal pairs was 
used for each determination. 
+ See footnote Table I. 
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TABLE IV. Response of Normal Male WR Rat 
Adrenal Halves to ACTH. 


eee IN@, Gi Stimula- 
mU ACTH determi- yg equiv. corti- tion 
per 100mg nations sol/100mg/2hr _ ratiot 
0 2 18.4 (17.5-19.2)t 4.9 
100 2 90.5 (89.5-91.5) 
0 2 18.3 (18.2-18.3) 3.9 
400 5 72.1 (62.5-87.5) 
0 3 9.1 ( 7.1-10.4) 5.6 
600 3 50.5 (46.7—55.7) 
Avg 0 15.3 4.6 
100-600 71.0 


* Each flask contained 1 pair of adrenals. 
+t See footnote Table I. 
¢ Avg and range. 


the levels of ACTH used were assumed to be 
maximal. 

In Fig. 2, the absorption curves of stand- 
ard cortisol solutions are compared to ex- 
perimental curves of adrenal tumor ethanolic 
extracts. Since the curves appeared to be 
identical in shape at similar peak readings, 
the presence of an interfering substance seems 
unlikely. 

Chromatography. Under ACTH stimula- 
tion, the major steroid synthesized by normal 
mouse adrenal incubates was corticosterone 
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FIG. 2. Comparison of absorption spectra of stand- 

ard cortisol in 95% ethanol and of methylene chlor- 

ide extracts of adrenal tumor incubates redissolved 
in 95% ethanol. 


(72% of the total A*-3-ketosteroids), 118- 
hydroxy-A*-androstene-3,17-dione being pres- 
ent in small quantities (Table V). Adrenal 
tumor tissue, when incubated with ACTH, 
produced approximately equal amounts of 
these 2 steroids. However, 25-65% of the 
total At-3-ketosteroids in the tumor incubates 


TABLE V. Corticosterone and 11g-Hydroxy-A*androstene-3,17-dione Content of /\*-3-Keto- 
steroids Extracted from Incubates of Normal Adrenals and Adrenal Tumor Tissue from LAF, 


Mice. 
11p-Hydroxy- 
A?-3-keto- Corti- A\*-androstene- 
mU ACTH Condition of mg steroids, costerone 3,17-dione 
Exp. per 100 mg incubation tissue wg/l00mgt uwg/l00mg % ug/l00mg % 
Normal mouse adrenals 

32, 38 0 Standardt 90 10.4 S< x 

e 275 8 80 63.0 45.0 72 8.7 14 
Mouse adrenal tumor 

22-24 0 Standard 1000 3.3 SZ x 
22 1s? 2 1100 13.2 2.6 20 2.0 15 
23 ae sg 1200 8.6 1.6 19 2.3 27 
24 2.0* a 900 14.1 3.2 23 3.4 24 
28 0 “ 1100 2.5 x 5 20 
- 60 1 & 1 hr ineub. 600 5.5 1.0 18 3.2 58 
< e 2 hr ineub. 300 15.7 9.5 60 2.9 18 
“a 22 im 200 27.2 12.1 45 7.1 26 
3 a 8 Meee: 300 34,3 4.7 14 3.0 9 
36, 37 25 No glucose in buffer 600 8.0 x 3.4 43 
ss et Standard 600 11.5 4.9 43 1g 17 
* Avg AOTH cone. in 3 flasks. Individual flasks contained .5, 1 and 2 mU ACTH (Exp. 22 


and 23), and 1, 2 and 3 mU ACTH (Exp. 24). 


+ Standard ineubation conditions as described in text. 
t Determined as ‘‘ ug cortisol’? by measuring O.D. at 242 my in Beckman model DU Spectro- 


photometer. 


x = Not detected on paper chromatograms, 
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consisted of unidentified compounds. Analy- 
sis of 2 normal rat adrenal incubates for 
steroid content yielded 63% (11.4 »g/100 mg 
tissue without ACTH) and 39% (20.0 ug/ 
100 mg tissue with ACTH) corticosterone in 
the total At-3-ketosteroid fraction. In 2 rat 
adrenal tumors incubated with ACTH, 5.7 
pg and 2.3 pg of corticosterone and 2.0 
pe and 2.6 pg per 100 mg tissue of a com- 
pound with chromatographic behavior of cor- 
tisone, respectively, were found. The sums of 
the 2 steroids represented 54% and 35%, re- 
spectively, of the total A*-3-ketosteroids pres- 
ent in the tumor slice incubates, the remain- 
der consisting of compounds yet to be identi- 
fied. 


The influence of glucose on steroid synthe- 
sis by the mouse adrenal tumor slices was in- 
vestigated. The absence of glucose from the 
incubation medium had no effect on basal 
secretory rate, but the steroid secretion at 
maximal levels of ACTH with glucose was in- 
creased about 40% in 2 experiments as was 
in experiments of Schonbaum et al. using rat 
adrenal segments in vitro(6). The presence 
of glucose, however, effected a change in con- 
centration of corticosterone and 118-hydroxy- 
A*-androstene-3,17-dione in a reciprocal man- 
ner (Table V, Exp. 36, 37). 

Three adrenal tumors originating in cas- 
trated ce strain mice and transplanted in the 
strain of origin were investigated for steroid 
secretion. At autopsy the tumor-bearing 
hosts (2 male and 1 female) showed signs of 
stimulation by gonadal hormones. Tumors 
4-6 g in weight from the 3 strains were incu- 
bated with and without ACTH. No extrac- 
table A*-3-ketosteroids were detected. 

Discussion. The secretory response of the 
mouse and rat adrenal tumor slices to a low 
and narrow range of ACTH concentrations 
indicated a much greater sensitivity of 
adrenal tumor than normal adrenal tissue to 
the hormonal stimulation. Maximal stimula- 
tion of the normal rat adrenals (per unit 
weight) required about 30 times more ACTH 
than rat adrenal tumor. If log-dose response 
curves are drawn for the mouse values in 
Table II and the linear curves extrapolated to 


} Kindly given to us by Dr. Arthur Kirschbaum. 
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the base secretory levels, these tumor slices 
may well respond to 0.1 or 0.2 mU ACTH. 

These adrenal tumors were able to secrete 
adrenocorticoids in the absence of ACTH. A 
theoretical comparison of the secretory po- 
tency of a 5 g tumor versus that of intact 
adrenals in the mouse and rat reveals some 
very striking results. A 5 g mouse adrenal 
tumor could theoretically secrete 130 pg of 
corticoids in 2 hours in the absence of ACTH 
and about 680 pg in 2 hours in the presence 
of maximal quantities of ACTH. On the 
other hand, a pair of normal mouse adrenals 
weighing about 4 mg would secrete less than 
0.4 wg of corticoids in 2 hours in the absence 
of ACTH and about 2.3 ug in 2 hours in the 
presence of ACTH. Similar calculations 
comparing a 5 g rat adrenal tumor with a 
pair of rat adrenals (about 33 mg/pair) 
would show a secretion of 95 wg and 5 pg 
corticoids in the absence of ACTH and 870 
ug and 25 pg corticoids per 2 hours with ex- 
cess of ACTH, respectively. Thus, no endo- 
genous ACTH would be necessary for the 
maintenance of hypercorticoidism in the tu- 
mor-bearing mouse or rat. Blood corticoid 
assays are being carried out to determine if 
the corticoid level is really as high as indi- 
cated by the tumor secretory potential. 

The presence of corticosterone, 11-dehydro- 
corticosterone, cortisone and possibly 11£- 
hydroxy - A# - androstene - 3,17-dione, among 
other steroids, in rat adrenal effluents has 
been demonstrated(7,8,9). | Corticosterone 
and 20a-dihydrocorticosterone have been 
identified in mouse serum(10). Under the 
experimental conditions reported here, the 
primary adrenal steroids synthesized by mice 
of the LAF, strain appear to be corticosterone 
and 118 - hydroxy - A*-androstene-3 ,17-dione. 
In addition to these compounds, adrenal tu- 
mor incubates yielded substances suggestive 
in their chromatographic behavior of proges- 
terone, 118-hydroxyprogesterone, 11-dehydro- 
corticosterone and A*-3-keto-20, 21-dihydroxy 
steroids. The quantitative (and possibly 
qualitative) differences in steroid production 
between normal mouse adrenals and adrenal 
tumor suggest different enzyme patterns and/ 
or reaction kinetics and equilibria in the 2 
types of tissues. The marked decrease in 
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corticosterone accumulation in tumor tissue 
may be explained by a combination of re- 
duced synthesis and increased adrenal metabo- 
lism of corticosterone to other steroids. The 
finding of At-3-ketosteroid with 21-desoxy or 
20,21-dihydroxy side chains, and of 11-dehy- 
drocorticosterone lend support to this hy- 
pothesis. 

The absence of any detectable amounts of 
17a-hydroxylated corticosteroids in the mouse 
adrenal tumor or normal adrenal tissues con- 
firms the im vivo study of Southcott(10) and 
the in vitro study of Hoffman(11). 

Summary. 1) Slices from transplants of 2 
secretory adrenocortical tumors were incu- 
bated with and without ACTH. Incubation 
mixtures were extracted and the total A*-3- 
ketosteroids quantitatively determined from 
peak optical densities at 242 mp. Basal 
steroid secretion of the mouse and rat tumor 
slices averaged 2.6 and 1.9 pg equiv. cortisol/ 
100 mg/2 hours respectively; with maximum 
stimulating amounts of ACTH, the average 
rates were 13.6 and 17.4 yg, respectively. 
Both tumors responded maximally to 2-3 
mU of the hormone. 2) Under ACTH stimu- 
lation, corticosterone and 11-hydroxy-A’- 
androstene-3,17-dione were produced in ap- 
proximately equal amounts by the mouse 
adrenal tumors. However, 25-65% of the 
total A*-3-ketosteroids consisted of compounds 
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still to be identified. The secretion of the 
rat adrenal tumor slices consisted mainly of 
corticosterone. 3) Glucose in the buffer 
stimulated the total steroid secretion of the 
mouse adrenal tumor slices about 40%. 4) 
An adrenal tumor that secreted gonadal hor- 
mones was incubated with and _ without 
ACTH. No measurable A+*-3-ketosteroids 
were detected in the incubates. 
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Effect of Varying Levels of DL-Tryptophan in Diet on Dental Caries 


in Rats.* 
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The chemistry of the salivary glands of the 
rat has recently received new interest due to 
experimental evidence indicating a correlation 
between activity of the thyroid gland, his- 
tologic picture of the salivary glands, and in- 
cidence of dental caries(1,2). Moreover, pro- 
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tein metabolism in the salivary glands as it 
relates to caries experience deserves special 
consideration, since proteolytic activity of rat 
salivary glands has been shown to be depen- 
dent upon normal thyroid function(3). Tryp- 
tophan is of particular interest in this rela- 
tionship since “‘significantly greater amounts 
of tryptophan or tryptophan-like compounds 
in caries-free (human) salivas compared to 
caries-susceptible’ has been reported(4). 


TRYPTOPHAN AND DENTAL CARIES 


TABLE I. DL-Tryptophan Contents of Various Diets Used, Salivary Tryptophan Levels and 
Incidence of Dental Caries in the Rat. 


DL-Trypto- 


Salivary tryptophan level 


Dental caries experience 


7 0 a 
Tae : No. of No. of Mean No. 

Group (g/kg diet) samples Cone. (mg %) 12 animals of lesions P 
if 6 24 32 + 1.4% O01 24 Seen or Rs) 
II 1.8 28 42 + 2.8 001 28 8.0 + .6 A 
III 5.4 25 48 + 2.1 a 25 al ES 65 04 
IV il Wyo tpl 27 CSc A) 


* Stand. dev. 


Therefore, it is of interest to determine ex- 
perimentally if DL-tryptophan possesses any 
anticariogenic properties if fed to rats receiv- 
ing a cariogenic diet. 

Materials and methods. A total of 120 
weanling Sprague-Dawley strain rats were di- 
vided equally into 4 groups according to sex 
and initial body weight. Groups 1 through 3 
received a cariogenic corn diet to which were 
added varying amounts of DL-tryptophan 
(Table I). Group 4 received the same diet 
without added tryptophan and served as a 
control. Composition of the cariogenic diet 
in percentage was as follows: yellow corn 
grits, 52.7; ground yellow corn, 11.3; pow- 
dered whole milk, 30.0; alfalfa, 4; iodized 
sodium chloride, 1.0; and irradiated veast, 
0.2. The animals were housed in pairs in 
raised screen cages in an_ air-conditioned 
room, and all received fluorine-low drinking 
water (F = 0.05 pg/ml) ad libitum. After 
110 experimental days, saliva of each rat 
from each group was collected and analysed 
for tryptophan. Sodium nembutal was used 
for anesthesia (0.53 ml of a 0.5% stock solu- 
tion of sodium nembutal per 100 g body 
weight was injected intraperitoneally). Pilo- 
carpine hydrochloride (10 mg/g body weight 
injected intraperitoneally) was used to in- 
crease salivary flow. By such procedures, 
approximately 2 ml of saliva could be col- 
lected conveniently within 10 minutes. The 
method of tryptophan analysis(5,6) was 
adapted to salivary tryptophan analysis. 7 
ml of distilled water was added to 1.0 ml of 
saliva. Following thorough mixing, 2 ml of 
the solution were transferred to a test tube, 
and 0.5 ml of glyoxylic acid(7), and 0.5 ml 
of 0.01 M copper sulfate solution were added. 
The test tube was placed in an ice water bath 


and 8.0 ml of a sulfuric acid solution (60 
parts H»SO, to 40 parts distilled water) were 
slowly added. After 10 minutes, the sample 
was placed into a boiling water bath for 3 
minutes, then cooled at room temperature for 
1 hour. The amount of salivary tryptophan 
was determined with the aid of a Klett-Sum- 
merson photoelectric colorimeter by compari- 
son to a standard curve obtained by running 
known amounts of DL-tryptophan through 
the procedure. A 540 my filter was used. 
After 120 days, the animals were sacrificed 
by ether and the heads were removed for 
dental caries evaluation as previously de- 
scribed(8). 

Results. The effect of tryptophan on in- 
cidence of dental caries and on salivary tryp- 
tophan level is shown in Table I. The effect 
of adding 0.6 or 1.8 g/kilo DL-tryptophan to 
the stock corn cariogenic diet was associated 
with a small and non-significant increase in 
incidence of dental caries when compared to 
controls receiving the same diet without 
added tryptophan. When 5.4 g/kilo trypto- 
phan was added to the diet, there was a sig- 
nificant increase in incidence of dental caries. 

Determinations of salivary tryptophan 
levels indicate an increasing amount of tryp- 
tophan with increasing dietary tryptophan 
concentration. It is not possible by this 
method of analysis to distinguish between free 
tryptophan or tryptophan bound in some sim- 
ple form, but since there seems to be no cor- 
relation to salivary tryptophan level and 
dental caries in the rat, it does not seem im- 
portant to design experiments in order to 
clarify this point. The failure of DL-trypto- 
phan to reduce incidence of dental caries in 
the rat even though there was a significantly 
greater salivary tryptophan level suggests 
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that the higher salivary tryptophan level ob- 
served in caries-immune humans(4) is not the 
only factor involved in caries immunity in 
humans and that a similar immunity to caries 
cannot be induced in rats by feeding trypto- 
phan. 

The daily weight gains in the animals re- 
ceiving the tryptophan were somewhat less. 
However, these differences were insignificant 
in all groups except in the one receiving 5.4 ¢ 
tryptophan per kg of diet. In this group the 
final weight of both the males and the females 
was about 20% less than the controls. 

The role of protein degradation in the oral 
cavity or within the salivary glands them- 
selves must bear some relationship to caries 
immunity in the rat, since the salivary gland- 
thyroid studies clearly indicate an increased 
proteolytic effect of the salivary gland homo- 
genates following administration of desiccated 
thyroid, while a marked decrease resulted fol- 
lowing administration of I'*! or thiouracil. 
The latter substances are known to be related 
to caries. immunity or susceptibility, respec- 
tively. The anatomical structures within the 
salivary gland affected by thyroid activity 
are the serous tubules, and Shafer+ has noted 
that following thyroxine administration large 
numbers of the granules pass into the excre- 
tory ducts of the salivary glands. Since these 
granules are thought to be predominantly pro- 


tein in nature, the significance of proteolytic 
enzymes, protein metabolism, and the role of 
different amino acids on caries resistance or 
susceptibility in the rat needs much further 
study. 

Summary. Dental caries experience in rats 
was studied following feeding of varying lev- 
els of DL-tryptophan as a constituent of a 
cariogenic diet. When either 0.6 or 1.8 g/kilo 
tryptophan was added to the diet there was 
an increase in dental caries, although the dif- 
ferences were not significant. When the diet 
contained 5.4 g/kilo tryptophan there was a 
significant increase in incidence of dental 
caries. Concomitant with the increased diet- 
ary tryptophan level, there was an increased 
salivary tryptophan concentration. 
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Status of Deoxycorticosterone as Intermediary in the Biosynthesis 


of Cortisol.* (23204) 


Joun ErcHHoRNt AND Oscar HECHTER 
The Worcester Foundation for Experimental Biology, Shrewsbury, Mass., and Department of 
Physiology, Boston University School of Medicine, Boston, Mass. 


The conversion of cholesterol to 17a-hy- 
droxycorticosterone (cortisol) and corticos- 
terone, demonstrated in adrenal preparations 
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(1,la,2,3) has been postulated to proceed via 
the reaction sequence shown in Fig. 1(1,4). All 
of the individual reactions shown have been 
definitively demonstrated in cell-free systems, 
and the available im vivo data are consistent 
with this scheme(4). The postulation of an 
orderly series of hydroxylations of the proges- 
terone molecule was derived in large part 
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Cholesterol —> Pregnenolone —> Progesterone —> DOC —~ Corticosterone 


Y 


17-Of progesterone —> 17-OH DOC —> Cortisol 


FIG. 1. Corticosteroidogenic sequence. 


from the bovine perfusion findings that while 
deoxycorticosterone (DOC) was converted to 
corticosterone, neither DOC nor corticoster- 
one could be further hydroxylated at 
C-17a to form cortisol; subsequent stud- 
ies, using homogenates from bovine and 
porcine adrenals, yielded essentially simi- 
lar results(5,6,7,8). | Recently, however, 
it has been reported by Heard and his 
associates (2,3) that C'™-DOC is readily con- 
verted in good yield to cortisol as well as 
corticosterone in adrenal preparations from a 
variety of species including bovine. Heard 
et al. have therefore concluded that the se- 
quence of hydroxylations postulated in Fig. 1 
is not obligatory and that alternative routes 
are operative to a major degree. To clarify 
the apparent discrepancy between the work 
of Heard’s group and the previous findings 
cited, the role of DOC as an intermediary has 
been reinvestigated in cow adrenal homoge- 
nates which form corticoids from endogenous 
precursors. For this purpose tracer amounts 
of DOC-21-C' and progesterone-4-C!* were 
incubated with homogenates prepared in vari- 
ous media, and the degree of incorporation 
into the cortisol and corticosterone formed 
was measured. In all homogenates studied, it 
was observed that while DOC-21-C™ was in- 
corporated into the corticosterone, no incor- 
poration into the cortisol formed in the sys- 
tem could be detected; progesterone-4-C', on 
the other hand, was incorporated into both 
cortisol and corticosterone. While DOC-21- 
C'™ was not converted to cortisol, it did give 
rise to certain unknown C'-products, of 
polarity similar to but not identical with cor- 
tisol, which could be separated from cortisol 
by careful paper chromatographic fractiona- 
tion. 

Methods. Breis of decapsulated adreno- 
cortical tissue from fresh cow glands were 
homogenized in each of the following media 


using a loose-fitting Potter-Elvehjem glass ap- 
paratus (4 ml medium per g tissue): (a) 
0.025M sucrose, (b) 0.154M@ KCl and (c) 
0.154M NaCl. All homogenizing media were 
buffered with M/150 Sorensen’s phosphate 
buffer and supplemented with niacinamide, 
sodium fumarate and MgSO, (all at a con- 
centration of 5 mM/l). After homogeniza- 
tion ATP} and DPNS were added to a final 
concentration of 1.0 and 0.5 mM/I, respec- 
tively. All operations involved in the prepa- 
ration of these homogenates were carried out 
near 0°. Homogenate aliquots corresponding 
to 35 to 100 g tissue were added to reaction 
vessels containing 298 to 600 pg of progester- 
one-4-C™ (specific activity (S.A.) 1.60 x 10° 
cts/m/mg) or 332 to 700 pg DOC-21-C" (S. 
A. 1.55 x 10® cts/m/mg) suspended in about 
0.3 ml of propylene glycol, and then incubated 
for 2 hours at 38° with shaking (gas phase— 
100% Oz). Aliquots of the same homogenate 
extracted without incubation served to meas- 
ure the endogenous cortisol and corticoster- 
one initially present. The C'-progesterone 
sample used in these experiments was radio- 
chemically homogenous in the ligroin-propy- 
lene glycol paper chromatography system(9), 
and had been further chromatographed on 
silica gel; after prolonged percolation, ben- 
zene-ethyl acetate (20:1) eluted C'+-proges- 
terone from the column as a sharp symmetri- 
cal peak of radioactivity. The C'“-DOC 
sample used, obtained as the 21-monoacetate, 
was first purified as the acetate using the tol- 
uene-hexane(1:1) - propylene glycol paper 
chromatography system; when homogenous in 
this system, the acetate was saponified and 
the free DOC was chromatographed in the 
toluene-propylene glycol system until it was 
radiochemically homogeneous in this system. 


+ ATP—Adenosine triphosphate 
§ DPN—Diphosphopyridine nucleotide 
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TABLE I. Produets Isolated from Bovine Adrenocortical Homogenates Prepared in Various 
Media and Ineubated with C““DOC and C™-Progesterone. 
Net steroid C™-Substrate 
_ production converted 
Substrate Tissue (mg/100 g/2 hr) (ug/100 g/2 hr) 
ait ‘ added wet wt Corticos- Corticos- 
Substrate* (ug) (g) Medium Cortisol terone Cortisol terone 
Progesterone-4-C™ 322 BD Sucrose 89 oil 18 51 
KCl 82 .68 3 34 
A NaCl a 1.18 + 81 
DOC-21-C* 332 - Sucrose .76 1.98 <.5 137 
KCl 1.09 1.04 <0) 45 
NaCl 82 1.02 <0) 72 
Progesterone-4-C¥ 298 60 Sucrose 2.58 2.60 52 123 
540 100 ca 1.52 2.12 27 76 
B 600 46 KCl 1.16 2.09 10 182 
DOC-21-C™ 700 44 Sucrose .76 2.50 <a hy 415 
700 46 KCl 1.20 1.52 a5) 145 


* §.A.—Progesterone, 1.60 X 10°; DOC, 1.55 & 10° cts/min./mg. 


Finally, the DOC was chromatographed on 
silica gel; after percolation of large volumes 
of a benzene-ethyl acetate mixture (10:1) 
the DOC was eluted by this solvent mixture 
as a sharp symmetrical peak. Corticosteroids 
were obtained from the homogenates by ex- 
haustive extraction with acetone and ethyl 
acetate; the total extracts were combined and 
distilled in vacuo. The resulting aqueous so- 
lution was then thoroughly extracted with 
ethyl acetate. The lipoid extracts thus de- 
rived contained 90-95% of the added radio- 
activity. After partial removal of phospho- 
lipids in the crude extract by acetone pre- 
cipitation in the presence of MgCl, (in the 
cold), the extract was further purified by sil- 
ica gel chromatography. After eluting non- 
radioactive materials with hexane, benzene 
and benzene-ethyl acetate mixtures (9:1), 
about 75% of the radioactive materials and 
all of the cortisol and corticosterone present 
were eluted with a benzene-ethyl acetate mix- 
ture (1:1) and with ethyl acetate. The addi- 
tional radioactivity eluted by methanol 
(about 25%) did not contain cortisol or cor- 
ticosterone as determined by paper chroma- 
tography. The cortisol and corticosterone 
present in the silica gel eluates were isolated 
by procedures previously described (1), where- 
in the chloroform-formamide and _ toluene- 
propylene glycol systems of paper chroma- 
tography(9) were utilized for cortisol and 
corticosterone respectively. The cortisol and 


corticosterone zones located by ultraviolet 
scanning and characteristic spotting reagents 
(TPTZ, Bush soda fluorescence and H.SO, 
fluorescence tests), were then eluted and re- 
chromatographed in the same systems. The 
rechromatographed free steroid alcohols were 
then eluted, acetylated and chromatographed 
on toluene-propylene glycol (18 hr) and 
toluene-ligroin (1:1) /propylene glycol (8 hr) 
for cortisol acetate and corticosterone acetate 
respectively. The corticosteroid acetates 
were located by the reagents mentioned pre- 
viously and then rechromatographed in the 
same systems. At this stage of purification 
the specific activities of the corticosterone 
acetate and cortisol acetate were determined 
by counting an aliquot (infinite thinness) ‘in 
a flow-gas counter and determining the corti- 
costeroid content with a modified Mader- 
Buck procedure using blue tetrazolium. Dur- 
ing the entire course of purification, all chro- 
matograms were scanned in a calibrated 
counting chamber, so that it was possible to 
locate zones of radioactivity. With the ex- 
ception of the cortisol acetate zones derived 
from the DOC incubations, all of the above- 
mentioned zones contained a peak of radio- 
activity. 

Results. The results obtained in these ex- 
periments are shown in Table I. In A, the 
various homogenates were all derived from 
the same pool of adrenocortical brei, incu- 
bated with both C1*-progesterone and C'™- 
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TABLE IL. Values at Successive Stages of Purifi- 
cation (Sucrose Homogenate). 


Specific activity (counts/min./ug) 


Cortisol Cortisol 
Substrate ‘“Cortisol’’ acetate* aectatet 
C'-Progesterone 27 33 38 
C*-DOC 63 8 <0.8 


* After first chromatogram. t 2nd chromato- 


gram. 


DOC and worked up simultaneously. In B, 
the results shown were obtained in individual 
experiments using different adrenal tissue. 
The results in both types of experiment are 
comparable in that: (a) in none of the homo- 
genates was it possible to detect the conver- 
sion of C!4-DOC to cortisol, despite the fact 
that endogenous production of cortisol was 
clearly evident in all cases; (b) the conver- 
sion of C'-DOC to corticosterone proceeds in 
all homogenates and (c) the conversion of 
C!4-progesterone to both cortisol and corti- 
costerone is demonstrated. These results are 
fully consistent with the scheme postulated in 
Fig. 1. The marked effect of the ionic me- 
dia upon the lesser degree of incorporation of 
C14-progesterone into cortisol relative to cor- 
ticosterone will be the subject of a subsequent 
paper. 

While the cortisol finally isolated from the 
C1-DOC incubation products did not contain 
detectable radioactivity, considerable radio- 
activity was observed in the cortisol zone prior 
to acetylation. Table II shows the changes 
in S.A. of the “cortisol zone” derived from 
C'™-DOC incubations in a typical sample at 
various stages of purification by paper chro- 
matography; for comparison the results ob- 
tained with the “cortisol” derived from a C14- 
progesterone incubation are also shown. It 
will be seen that with the material from C!- 
DOC incubation a considerable amount of ra- 
dioactivity is initially associated with the 
cortisol zone, and that with successive puri- 
fication by paper chromatography the radio- 
activity disappears. In marked contrast, the 
radioactivity of the cortisol zone derived from 
C'-progesterone remains relatively constant 
during these same fractionation procedures. 
While the present homogenate studies are not 
directly comparable to those of Heard e¢ al. 
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(2,3), the present findings raise the strong 
possibility that in the studies of Heard eg al. 
C'4-DOC was converted to a _ radioactive 
product of mobility similar to cortisol, which 
is not cortisol. 

In accord with our conclusion, recent work 
with rat adrenal tissue(11) has likewise failed 
to detect the conversion of DOC to cortisol, 
although it was reported that this steroid was 
converted to Porter-Silber reactive chromo- 
genic material (presumably containing the di- 
hydroxyacetone side chain characteristic of 
cortisol) and to a ketolic steroid zone of polar- 
ity intermediate between cortisone and cor- 
ticosterone. Similarly, it has been reported 
that corticosterone is converted to more polar 
products, the nature of which has not been 
defined(10). Thus it seems clear that DOC 
can be converted in appropriate 7m vitro sys- 
tems to products which are more polar than 
corticosterone as well as to corticosterone. 
However, until it has been shown, using un- 
equivocal technics for the demonstration of 
radiochemical homogeneity, that DOC is ac- 
tually converted to cortisol, there would ap- 
pear to be no need to postulate an alternative 
pathway of cortisol production via DOC. 

Summary. Homogenates of adrenocortical 
tissue which synthesize cortisol and corticos- 
terone from endogenous precursors were pre- 
pared in various media and incubated with 
trace amounts of DOC-21-C' and _proges- 
terone-4-C'*. While C!4-DOC was converted 
to corticosterone, and C!-progesterone to 
both corticosterone and cortisol, C4-DOC 
was not converted to cortisol. DOC, how- 
ever, was converted to a C1*-product possess- 
ing a chromatographic mobility similar to 
cortisol, which was separated from cortisol 
by careful paper chromatographic fractiona- 
tion. 


The able assistance of Mrs. Ella Scully and Mr. 
Morris Feinstein is gratefully acknowledged. 
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Meso-Inositol Requirement of HeLa and Human Conjunctival Cells.* 
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A number of different human cells have 
been shown to require meso-inositol when 
grown in vitro(1). This is of considerable 
interest since it represents the first conclusive 
demonstration that meso-inositol is an essen- 
tial nutrient for human cells. The report of 
Eagle et al.(1) was also of interest because no 
conclusive evidence was obtained that inositol 
was required by the cell strain derived from 
a human carcinoma, the HeLa cell. 

In similar studies with the human con- 
junctival cells(2), regular success was ob- 
tained only after a greater concentration of 
inositol was used than the 1 »M suggested by 
Eagle e¢ al.(1). In view of this, the require- 
ment for inositol by the HeLa cell was also 
studied. These studies form the basis of the 
present report. 

Methods. Human conjunctival cells(2) 
and HeLa cells(3) were used throughout these 
experiments. Stock cultures were propagated 
in 250 ml serum dilution, neutral glass bottles 
containing 10 ml of Eagle’s basal medium (4) 
plus 10 to 20% human serum. Only stock 
bottles which showed the presence of a con- 
tinuous sheet of polyhedral cells with clear 
cytoplasm and occasional mitoses were used. 


* This study was supported in part by research 
grants from the following sources: Chas. Pfizer and 
Co., Brooklyn, N. Y.; N.LH., U. S. Public Health 


Service, Bethesda, Md. 


The actual experiments were conducted using 
sets of 4 roller tubes, 18 x 150 mm, containing 
a total volume of 1 ml of Eagle’s medium plus 
20% dialyzed human serum. Following in- 
oculation, the tubes were slanted at a 2-5° 
inclination at 36°C for 16 to 20 hours and 
then were placed in a roller drum also at 
36°C. The medium was replaced in all tubes 
on the third and fifth days. The cells were 
examined daily under 100x magnification. On 
the seventh day, the cells were trypsinized 
and counted with a Levy counting chamber 
(5). Dialysis of serum was accomplished as 
follows: 15 ml of serum was dialyzed in cel- 
lulose dialysis tubing! against 15 ml of 
Eagle’s basal medium(4) for 24 hours; to 
maintain the pH at 7.2 to 7.4, the serum was 
dialyzed in a stoppered Erlenmeyer flask of 
125 ml capacity. The dialysate was frozen 
at —80°C until used. The serum was dialyzed 
further against 4 changes of 0.85% NaCl, of 
about 1 liter each, for a total of 48 hours, and 
then against approximately 100 ml of Eagle’s 
basal medium for one to 2 hours longer. Each 
dialysis procedure was carried out at 0 to 2°C 
with constant agitation. The volume of the 
dialyzed serum was routinely measured and 
usually showed an increase of 0.5 to 1.0 ml. 
The dialysate was routinely checked for se- 
rum protein contamination by the addition of 
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FIG. 1. Appearance of HeLa cells in medium wi 
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thout inositol. A. 3rd day. B. 5th day. C. 6th day. 


D. 7th day. (Magnification 100X.) 


0.1 ml of 10% trichloracetic acid to 1 
ml of the dialysate; the formation of tur- 
bidity was taken as indicative of the presence 
of proteins in the dialysate, and the dialysate 
was discarded. The dialyzed serum and di- 
alysate were used at a final concentration 
equivalent to 20% whole serum. Meso- 
inositol? was used in the experimental tubes 
at concentrations from 0.27 »M to 16 »M. 
Pertinent data and results are given in the ap- 
propriate table. 


+ Corn Products Refining Co. 


Results. In dialyzed serum diluted with 
Eagle basal medium, both the conjunctival 
and the HeLa cells showed characteristic pro- 
gressive degenerative changes beginning on 
the fourth to sixth day. Such changes are il- 
lustrated in Fig. 1. Meso-inositol at a con- 
centration of 1 «M did not prevent degenera- 
tive changes with 5 of the 6 sera tested in 5 
separate experiments. Representative results 
are shown in Table I. By increasing the ino- 
sitol concentration to 4 uM, degenerative 
changes were completely prevented with all 
sera tested. Further increase to 16 uM did 
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TABLE I. 
tion of Human Conjunctival Cells In Vitro.* 


Avg No. of cells 


Exp.t Donor Supplement « 10°/tube 

1 Human A None 0 (3+) |; 
Dialysate MOGs CO ) 

Inositol§ Wer (255) 

2 Human B None 0 (3+) 
Dialysate Pa ey Ck) 

Inositol 105. 25 (+ ) 

Horse L None 5+ 3 (3+) 
Dialysate 1S Ota 0) 

Inositol 65=- 17 (+) 

3 Human C None 0 (3+) 
Dialysate HS tol Ol (Ome) 

Inositol 182 = 14 (10) ) 


* These experiments show extremes when using 
different sera. A total of 5 experiments have been 
done using 6 different sera. 

t Inoeul: 6,800, 10,000 and 12,000 cells/tube 
for Exp. 1, 2 and 3 respectively. 

¢ Basal medium contained dialyzed serum at fi- 
nal conc. of 20% in EKagle’s medium. 

§ Meso-inositol used at final conc. of 1 uM. 

|| Morphological appearance of cells on 7th day: 


(0) = No degeneration, (+) = moderate, (2+) 
= advanced, (3+) = complete degeneration. 


not significantly alter the multiplication rate. 
These results are presented in Table I1. Thus 
the report of Eagle e¢ al.(1) that meso-inositol 
is an essential nutrient for the conjunctival 
cells has been confirmed. 

The HeLa cells, like the conjunctival cells, 
required inositol for rapid multiplication 
(Table III, Fig. 1). It is interesting that 
1 »M inositol did not prevent degeneration of 
the HeLa cell in dialyzed human serum A and 
horse serum L diluted with Eagle basal me- 
dium as shown by results of Experiment 1 in 
Table III. However, when the experiment 
was repeated, satisfactory multiplication with- 
out grossly visible degeneration did occur 


Effect of Meso-Inositol on Multiplica- 


SLi 


(Exp. 3 in Table III). Such quantitative vari- 
ations occurring in similar experiments have 
been frequently observed(6). This is probably 
caused by a difference in the physiological 
state of the initial cell inocula. In this in- 
stance, the amount of inositol carried along 
with the inoculum may be responsible. At 
any rate, in the present studies the HeLa cells 
invariably showed marked degeneration after 
seven days in media without inositol. 


The reasons for the differences between the 
results of Eagle(1) and those reported here 
are not clear. The sera used in these studies 
were routinely dialyzed for 2 to 4 days to in- 
sure adequate removal of dialyzable factors. 
There are, however, 2 extraneous sources of 
inositol which may be of importance in ob- 
taining non-consistent results either between 
experiments or between various sera. One of 
these is inositol carried along in the cell in- 
oculum, since the stock medium contains ade- 
quate inositol. The other is inositol which 
was not completely removed by the dialysis 
procedure. Such inositol may be either in the 
form of phosphoric esters or inositides. The 
latter would be of especial importance for sev- 
eral reasons. First, phosphatides being col- 
loids in aqueous solutions dialyze with diffi- 
culty(7). Second, phosphatides occur bound 
to serum protein(8). Third, McKibbin and 
Brewer(9) have reported that human plasma 
contains 74 pmoles of lipid inositol per liter. 
This concentration is sufficiently high so that 
sufficient inositol could be retained during 
dialysis due to the first and second factors. 
In this regard it is of interest that dialysis 
does not cause degradation of serum lipopro- 


TABLE II. Effect of Varying Concentration of Meso-Inositol on Multiplication of Conjunctival Cells. 


Avg No. of cells X 108/tube at following concentrations of inositol 


Dialysate 


Exp.* Mediumt 0 25 uM 1 pM 4 yM 16 uM. 20% 
1 Humana 0 (3+) -2 (B+) 116440 (+) 2944+62(0) 262431(0) 238-4 45 (0) 
1 eer 0) Cay onc) eet ONCE), 17 250'(0) 1306 53'(0) 1302 = 46-0) 
2 Pee PEL aed 200265) 220+ 43 (0) 296 + 49 (0) 132 + 41 (0) 


*Tnoeuli: 10,000 and 20,000 cells/tube in Exp. 1 and 2 respectively. _ ' ahd 
+ Eagle’s basal medium containing 20% dialyzed serum from the specified donor and meso-inositol 


or serum dialysate at the specified concentrations. 


t Morphological appearance of cells on seventh day: CO) =e NO degeneration, (+) = moderate de- 
generation, (2+) = advanced degeneration, (3+) = complete degeneration. 
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TABLE III. Effect of Meso-Inositol on Multiplication of HeLa Cells. 


————— 
Avg No. of cells X 10°/tube at following concentrations of inositol 


Dialysate 
Exp.* Mediumt 0 .25 pM 1 pM 4 4M 16 uM 20% 

1 Human A 0 (3+)t Wiles (8 103 == 69 
(2+) (0) 

Horse L ha (ghee) 60 + 13 203 + 40 
are (9) 

2 Human W OMCs) IQs ays 
(9) 

3 Human A Biss 7] 50+ 9 272+28 280+20 284432 21724438 
(ote) (2+) (0) (9) (0) (9) 

Horse L eipes aye iby 24// 5436 292420 191413 281+ 31 
(3+) rey, (0) (9) (9) (9) 


* Tnoeuli: 15,000, 13,000 and 27,700 cells/tube in Exp. 1, 2 and 3 respectively. 


+ & t See footnotes to Table II. 


teins(10).§ The extent to which complex 
forms of inositol are utilized by human cells 
is a matter for future study. 

Summary. A concentration of meso-ino- 
sitol of at least 4 4M was necessary for maxi- 
mum multiplication of human conjunctival 
cells grown im vitro. Inositol was found to be 
essential for multiplication of HeLa cells. 


The authors are grateful to Dr. John C. Snyder for 
his suggestions and interest in this work. 


§ In our experiments analysis of human and horse 
sera before and after 48 hours of dialysis showed 
little alteration in cholesterol content. 
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Injection of plasma or plasma dialyzate, 
obtained from animals administered cortisone 


*We are grateful to Mr. G. Smithkamp and Dr. 
W. Haines of Armour Laboratories for supplying the 
hog posterior and anterior pituitary lobes; to G. E. 
Farrar III, E. E. Livingston, Jr., and R. Reifsnyder 


for technical assistance; and to W. Bechmann, J. 


Dachiw, J. Howitz, and M. Klenk for chemical de- 
termination of the plasma lipids. Thanks are also 
due to P. Horwitz for sterilization and pyrogen 
testing of the final products for injection. 


or subjected to stress, induced hyperlipemia 
in intact, adrenalectomized or hypophysecto- 
mized rats previously fasted and sensitized by 
exposure to potential hepatotoxins(1-4). The 
dialyzate and highly potent material crystal- 
lized from it differed from other hyperlipemia 
inducing agents in not requiring the presence 
of either the adrenals or pituitary for its ac- 
tion(2-4). These studies suggested that LM 
was released from the pituitary gland. The 
data in this paper establish the presence of a 
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TABLE I Effect 1 mg Dialyzate of Hog Posterior Pituitary Lobes/kg IV on Plasma Lipid Components of Various Species. 


Species 


Intact rats (10/hr) 


Lipip MospiLizER FROM POSTERIOR PITUITARY 319 


lipid mobilizing factor in the posterior pitui- 
tary of hogs. 

Materials and methods. Lyophilized an- 
terior and posterior lobes from hogs were pre- 
pared by Armour Laboratories. Duplicate 


SH 19 
aes preliminary studies demonstrated that LM 
was present in physiological salt solution 
S 69 xH 00 (PSS) extracts of posterior pituitary but not 
in those of anterior pituitary or rat gastroc- 
Sauare nemius muscle. A lot of posterior pituitary 
ides aby! extract was then prepared as follows utilizing 
een] s conditions that assured absence of bacterial 
per seas allie and pyrogen contamination. Ten g finely 
5 diced lyophilized posterior pituitary was mac- 
19 HES 4 erated with 3 g alcohol washed sea sand and 
E addition of 100 ml PSS in small aliquots. The 
Se Se pe suspension was centrifuged 2 hours (5°C) 
cae a = at 4000 rpm and the withdrawn supernatant 
AISA diluted to 500 ml with PSS was passed through 
paces an ultra-fine porcelain bacteriological filter 


(5°C). 100 ml of filtrate was dialyzed in a 
sealed container through Viscose No-Jax® 
casing against 400 ml deionized water for 24 
hours at 5°C and the dialyzate was freeze 


11 

2 
10 
Wl 
18 


9 
a 


242 
‘ 


oowto 
aHooOS 
pe eas dried for 18 hours. A 0.1% solution of the 
LaMIeSS dry material (Wy-1323) was filtered bacteri- 
See ologically and was sterile and non-pyrogenic. 
All animals were sensitized, fasted, injected 
ee Ci and bled for lipid analyses as previously de- 
a Rene scribed(2-4). Adrenalectomized rats were 
Raa maintained on 0.9% NaCl in the drinking 
water, and hypophysectomized rats received 
enya es ess) . 
RH HS supplements of oranges and white bread. Op- 


erated animals were used 10-14 days after 
surgery. 

Results: Injection of Pitressin®, Pitocin®, 
muscle extract, anterior lobe extract, and 
posterior lobe extract into groups of 20 hy- 
pophysectomized rats resulted in hyperlipe- 
mia only in the group administered posterior 
lobe extract. Dialyzate (0.65 mg) equiva- 
lent to 5 mg of posterior lobe produced at 
least a 2-fold increase in total plasma choles- 
terol, total fatty acids and lipid phosphorus 
in 60 intact rats, 20 hypophysectomized rats, 
60 mice, 60 guinea pigs, 12 rabbits and 6 
dogs. The hyperlipemia action of 1 mg of 
dialyzate/kg in a variety of species is dem- 
onstrated in Table I. The dose response 
curve obtained in 40 intact rats with another 
batch of dialyzate established a potency of 


CH = Total plasma cholesterol; FA = Total fatty acids; LP = Lipid phosphorus. 


Hypophysectomized rats (20/hr) 
Adrenalectomized rats (20/hr) 


Mice (10/hr) 
Rabbits (12/sample) 


Guinea pigs (10/hr) 
Dogs (6/sample) 
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0.2 mg of dialyzate/kg to produce a 2-fold 
elevation of plasma cholesterol. 

Discussion. Our previous work established 
that the pituitary was necessary for release 
of LM. The data presented in this paper 
establish that hog posterior pituitary dialy- 
zate contained LM activity comparable to 
that of plasma dialyzate. Other points of 
similarity between plasma LM and posterior 
pituitary LM were observed in groups of 10 
rats administered 1 mg/dialyzate/kg. The 
hyperlipemia occurring in either group 45 
minutes later was not abolished by adminis- 
tration of 400 U of heparin/kg. Jn vitro 
anti-clearing activity of pituitary LM was 
identical with the activity previously reported 
for plasma LM (1,2). Exact identity of pitui- 
tary LM with plasma LM remains to be es- 
tablished. 
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Summary and conclusions. 1. Dialyzate of 
hog posterior pituitary lobe induced hyper- 
lipemia in rats, mice, guinea pigs, dogs and 
rabbits. 2. The LM activity was indistin- 
guishable from that of plasma dialyzate from 
cortisonized animals. 3. Neither Pitressin® 
nor Pitocin® had LM activity. 4. Hog an- 
terior pituitary extracts had no LM activity. 
5. LM appears to be a hitherto undescribed 
hormone either elaborated or stored in the 
posterior pituitary. 


1. Seifter, J., and Baeder, D. H., Proc. Soc. Exe. 
Brot. anD MeEp., 1954, v86, 709. 


, ibid., 1956, v91, 42. 
3, =, shid's 1956/93, 63. 


, 1bid., in press. 


Received April 15, 1957. P.S.E.B.M., 1957, v95. 


Inhibition of Histamine-Stimulated Secretion by Topical Application of 
Antihistaminics to the Canine Mucosa.* (23207) 


Henry D. JANOWITZ AND FRANKLIN HOLLANDER 
(With the technical assistance of Sylvan Douglis) 
Gastroenterology Research Laboratory, Mount Sinai Hospital, N. Y. City. 


Failure of antihistaminics to inhibit hista- 
mine-stimulated gastric acid secretion is gen- 
erally accepted. The extensive literature sup- 
porting this generalization has been carefully 
summarized by Robertson and Grossman(1). 
The gastric receptors for histamine, therefore, 
appear to present a puzzling exception to the 
almost universal blocking action of antihista- 
minics on histamine receptors in ether organs. 
These authors, however, also have collected 
some fragments of evidence which indicate 
that high concentrations of antihistaminic 
compounds, present locally in the gastric mu- 
cosa, may block its secretory response to 
histamine. Wood(2) was able to block his- 
tamine-stimulated acid secretion in anesthe- 
tized cats by retrograde injection of phener- 
gan, neoantergan, and antistin into the li- 
gated splenic artery, so that these compounds 


* This work was supported by grants from The 
Altman Foundation, New York, and Wyeth, Inc. 


reached the gastric mucosa in high concentra- 
tion. A chemical analogue of phenergan with- 
out antihistaminic activity (R.P. 3300) was 
without effect. In their own experiments, 
Robertson and Grossman irrigated canine 
pouches with high concentrations of several 
antihistaminics (25 and 50 mg/ml of neo- 
antergan; 6.25, 12.5, and 25 mg/ml of pyri- 
benzamine; 12.5 and 25 mg/ml of benadryl; 
and 50 mg/ml each of trimeton and chlortri- 
meton) and thereby inhibited the secretion 
of acid stimulated by histamine. However, 
these authors believed that, strictly speaking, 
their results were not “antihistaminic” but 
rather a direct irritant effect on the gastric 
glands, since 1) these compounds inhibited 
acid secretion induced by the parasympatho- 
mimetic drug, urecholine, as well; and 2) 
these compounds stimulated flow of a mucoid 
liquid from the pouches, which was frequently 
bloody. The concentrations of drug which 
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TABLE I. Effect of Antihistaminies, Applied Topieally to Gastrie Mucosa of Canine Heiden- 
hain Pouches, on Histamine-Stimulated Gastric Acid Secretion. 


-— Output of HCl (mEq) —\ % inhibition 


Cone. % (mean % de- 
Compound (mg/ml) Control Test decrease crease) 
Isotonie saline 23 1.94 13 
TT, ileal 5 
2.26 2.26 0 
1.94 69 13 
1.96 2.15 10 
4.10 2.58 37 
1.40 1.57 12 
1.50 1.47 2 
4.16 4.23 2 
3.09 3.30 7 10 
Phenergan hydrochloride 2 2.45 84 66 
1.04 08 92 
3.26 47 86 
3.39 2.41 29 
3.97 73 82 
2.52 31 88 
27 .00 100 
57 04 93 
ne) .62 65 
1.55 45 71 
30 .00 100 80 
4 58 00 100 
52 00 100 
Qi .00 100 
3.03 00 100 
2.08 .00 100 
1.48 .00 100 100 
Phenergan methosulfate 2 60 43 28 
2.18 1.02 53 
il 42 54 
nas) 40 27 41 
4 Ui ail 64 
1.43 70 51 
1.62 88 46 
88 40 55 
63 33 48 
2.88 1.22 58 54 
Pyribenzamine 2 3.25 2.67 18 
3.18 1.18 63 41 
4 2.76 1.98 28 
3.38 1.45 57 
2.75 1.54 44 
72 24 67 
1.75 16 91 57 
6 1.48 26 82 
49 silat 79 
2.12 83 61 74 
8 2.02 72 64 
2.10 34 84 
61 .08 87 
1.78 -50 72 77 
Neoantergan 8 75 49 75 
36 AQ) 47 61 
10 1:99 Sue 61 
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TABLE II. Effect of Antihistaminics, Applied Topically to Gastric Mucosa of Canine Heiden- 
hain Pouches, on Urecholine-Stimulated Gastrie Acid Secretion. 
ee eee ee eee ee 

-— Output of HCl (mEq) — % inhibition 


Cone. % (mean % de- 
Compound (mg/ml) Control Test decrease crease) 

Phenergan hydrochloride 2 21 .00 100 
2.36 .76 68 
1.09 64 4] 

.66 .00 100 77 
4 87 .10 89 
91 .00 100 
20 .00 100 

52 .00 100 97 
henergan methosulfate 2 10 05 50 

04 02 50 50 
4 45 14 69 

73 09 88 79 
Pyribenzamine 6 ol 04 87 
13 .00 100 
20 .00 100 

56 22 61 87 


they employed caused convulsion in one ani- 
mal and death in another. 

The present experiments, begun indepen- 
dently of the foregoing, demonstrate the in- 
hibition of histamine-stimulated gastric acid 
secretion when considerably lower concentra- 
tions of antihistaminics are applied to the mu- 
cosa of canine pouches. However, topical 
application of a surface-active local anes- 
thetic, nupercaine, also inhibits such secretion 
in comparable degree, and this limits defini- 
tive interpretation of these experiments, at 
least for the time being. 

Methods. In this study vagally denervated 
corpus pouches were used, and the response 
to histamine (0.1 mg base/kg body weight), 
given subcutaneously, was measured before 
and after application of one of several anti- 
histaminics. The inhibitor was instilled into 
the pouch for a total of 30 minutes, the solu- 
tion being exchanged for a fresh one at the 
end of the first 15 minutes. Concentrations 
of the drug in isotonic sodium chloride ranged 
from 2 to 10 mg/ml, and volumes of 25-50 ml 
were required to distend the pouches slightly 
with hand pressure on the syringe plunger. 
The antihistaminic compounds used were 
phenergan, phenergan methosulphate, pyri- 
benzamine, and neoantergan; the local anes- 
thetic agent was nupercaine. In a second 
series of experiments, gastric secretion was 
stimulated by the vagomimetic drug, ure- 


choline (carbamyl methylcholine chloride), 
administered subcutaneously at a dosage of 
0.1 mg/kg body weight. 

Results. Although the gastric acid secre- 
tory response to a fixed dose of histamine may 
vary considerably from day to day in the 


same animal, the response to 2  succes- 
sive doses given to the same animal 
on the same day (as in the so-called 


“tandem histamine test”) show more regu- 
larity. To confirm this, and to control 
any effect of the application of isotonic saline 
itself, 10 experiments were performed in which 
2 doses of histamine were given at an interval 
of 2% hours, with an application of saline 
to the pouch for 30 minutes between doses. 
From Table I, it will be seen that the per- 
centage difference between the first (control) 
and second (test) responses in output of HCl 
varied from 0 to 37, with a mean of 10%. In 
all subsequent experiments using a drug, the 
doses of histamine were given at the same in- 
terval. 

The effect of local application of several 
antihistaminics (phenergan, phenergan me- 
thosulphate, pyribenzamine, and neoanter- 
gan) on output of histamine-stimulated acid 
from pouch dogs is also shown in Table I. 
A significant degree of inhibition of acid out- 
put occurred at each dose level with each of 
these compounds, being greatest with phener- 
gan at a concentration of 4 mg/ml (100% in- 
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TABLE III. Effect of a Topical Anesthetic (Nupercaine), Applied to Gastric Mucosa of Ca- 
nine Heidenhain Pouches, on Histamine- and Urecholine-Stimulated Gastrie Acid Secretion. 


Nupercaine —— Output of HCl (mEq)— % inhibition 


cone. % (mean % de- 
Stimulus (mg/ml) Control Test decrease crease) 
Histamine (.1 mg/kg) 1 aie) 82 4 
2.22 1.53 31 18 
2 2.13 1.40 34 
3.55 1.34 62 
2.60 1.35 48 
3.52 3.07 13 
48 24 50 
1.384 87 35 
2.14 1.62 24 
83 54 35 38 
4 40 12 70 
75 aly 77 
.80 .00 100 
2.25 .98 56 76 
Urecholine (.1 mg/kg) 2 .68 Mil 0 
48 49 0 
61 OT fi 2 
4 10 .00 100 
387 .00 100 100 


hibition). 

The results of experiments in which ure- 
choline (0.1 mg/kg) was used to stimulate 
gastric acid secretion are shown in Table II. 
With this stimulus also, antihistaminic phe- 
nergan effected a virtually complete inhibi- 
tion at a concentration of 4 mg/ml, and sig- 
nificant inhibition was elicited by phenergan 
methosulphate, and pyribenzamine at concen- 
trations of 4 or 6 mg/ml. 

Of considerable interest is the fact that in- 
hibition could likewise be elicited with a rep- 
resentative topical anesthetic. Thus, nuper- 
caine at a concentration of 4 mg/ml induced 
a mean degree of inhibition of 76% in a num- 
ber of experiments with histamine stimulation, 
and 100% in those in which urecholine was 
the stimulus (Table III). 

The topical application of these agents to 
the pouch mucosa was well tolerated systemi- 
cally by these animals, even at the low con- 
centrations used. Following instillation of 
phenergan at 4 mg/ml, there occurred a sig- 
nificant flow of a non-acid mucoid fluid, 
smaller in volume but similar in appearance 
to that which has been obtained in a similar 
investigation in this laboratory, following in- 
stillation of the enzyme-inhibitors iodoaceta- 
mide and N-ethyl maleimide(3). This hap- 


pened in both the histamine and the urecho- 
line experiments. None of the other inhibi- 
tors gave rise to this mucoid fluid except in 
several of the experiments with nupercaine in 
which HCl secretion was prevented entirely. 
Duration of drainage of this non-acid fluid 
never lasted longer than 3 hours, and usually 
only about 2, in contrast with 8 hours or more 
after the enzyme-inhibitors used in the pre- 
vious investigation. The specimens were 
blood-tinged (never frankly bloody) in a few 
of the experiments, which is believed to have 
resulted from slight mechanical trauma by 
manipulation of the catheter during the instil- 
lation. 

Discussion. The present experiments dem- 
onstrate that application of several histamine- 
blocking agents locally to the gastric mucosa 
of vagally denervated pouch dogs can inhibit 
secretory response to histamine in consider- 
able degree. Thus, they confirm the findings 
of Wood in the cat(2), and of Robertson and 
Grossman in the dog(1). In contrast to the 
latter authors’ report, however, the concen- 
trations of drug used herein were low, no 
frankly bloody mucus was produced, and no 
untoward systemic effects of the compounds 
were elicited. The inhibitory effect of anti- 
histaminic drugs on secretion induced vago- 
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mimetically was demonstrated by blocking 
urecholine-stimulated secretion with several 
of these agents, thus confirming the report of 
Robertson and Grossman on pyribenzamine. 
The finding that a local anesthetic agent can 
inhibit both histamine-stimulated and ure- 
choline-stimulated acid secretion is also of 
great interest. In all these experiments, the 
mean degree of inhibition is clearly related to 
the dosage employed, and actually reaches 
100% in the phenergan-histamine and nuper- 
caine-urecholine experiments. 

Robertson and Grossman were reluctant to 
ascribe any specific significance to the results 
of their experiments on 2 grounds. First, be- 
cause of the production of gastric irritation 
and bloody mucous secretion from the pouch, 
they ascribed a non-specific role to the anti- 
histaminics employed. Our experiments meet 
this objection since concentrations of drug 
used were low, no local irritant effects were 
produced, and no systemic symptoms were 
elicited. Some non-acid mucoid fluid was pro- 
duced with phenergan and nupercaine in those 
experiments in which acid inhibition was com- 
plete. However, the similarity of this ma- 
terial to the mucous secretion obtained after 
inhibition with N-ethyl maleimide and _ iodo- 
acetamide, and the fact that the latter is un- 
equivocally differentiated from _ interstitial 
fluid or transudate by its content of nitrogen, 
hexosamine, and _ reducing  substances(3), 
make it likely that this is some secretory 
rather than “irritant” inflammatory product. 
Secondly, inhibition of the response to a para- 
sympathetic stimulant (urecholine) as well 
as to histamine was interpreted by Robertson 
and Grossman as evidence definitely against 
specific antihistaminic action of the drugs. 
This is not crucial to the argument for speci- 
ficity, since these same authors have previ- 
ously shown(4) that hog renal cortex his- 
taminase inhibits urecholine-stimulated gas- 
tric secretion, as well as that induced by 
histamine and food, and it may be argued 
that a cholinergic mechanism is intermediate 
in the histamine effect, or vice versa. The re- 
cent demonstration in this laboratory(5) of 
inhibition of histamine acid secretion by atro- 
pine is consistent with such an interpretation. 
On the other hand, the inhibition of hista- 
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mine-stimulated secretion by the local anes- 
thetic, nupercaine, indicates that there are 
limitations to interpreting the antihistaminic 
effect as a specific one, especially since the 
antihistaminic compounds are also known to 
be local anesthetics. 

Kay and Forrest(6) have also recently re- 
ported that the antihistaminic promethazine 
and mepyramine, when applied locally to the 
mucosa of Heidenhain pouches, will inhibit 
the acid secretory response to histamine. 
They have argued that this is a specific effect 
rather than a local anesthetic one because, 
although these two compounds have both lo- 
cal anesthetic and antihistaminic properties, 
promethazine was more potent than mepyra- 
mine in its antihistaminic and its acid in- 
hibitor activity. This argument, however, is 
of limited force, because these authors did 
not directly study the effects of local anes- 
thetics, and even more so because the present 
study indicates that local anesthetics can in- 
hibit histamine- and vagomimetic-stimulated 
acid secretion when the concentrations of 
drug are large enough. 

Current evidence indicates that there are 
at least 3 possible modes of action of the 
antihistaminics in blocking histamine-stimu- 
lated acid secretion: (1) a specific antihista- 
minic effect, (2) the well known atropine 
effect of these compounds, and (3) their local 
anesthetic action. In addition to these well- 
established properties, it is conceivable also 
that these substances may act by way of some 
effect on intracellular processes of acid forma- 
tion. The present experiments do not allow 
of any definitive choice among these possi- 
bilities. Thus, the failure to achieve anti- 
histaminic blocking effects on the stomach by 
the parenteral administration of antihista- 
minic compounds is still puzzling, and from 
the therapeutic point of view an extremely 
disappointing phenomenon. 

Summary and conclusions. 1. Topical ap- 
plication of several antihistaminic drugs to 
the mucosa of canine corpus pouches signifi- 
cantly inhibited the acid secretory responses 
of these pouches to parenterally administered 
histamine. One local anesthetic agent elic- 
ited similar inhibition. These inhibitory sub- 
stances were effective also against a vagomi- 
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metic stimulant, urecholine. 2. In an effort 
to explain these phenomena, 3 possible modes 
of action of the antihistaminics present them- 
selves: (1) a specific (antihistaminic) effect, 
(2) an atropine effect, (3) a local anesthetic 
effect. The evidence presently available does 
not as yet permit of any preference among 
these several hypotheses. 


1. Robertson, C., and Grossman, M. I., Arch. int. 
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In an earlier work(1) we studied the in- 
testinal absorption of vit. Bi. by means of 
measurement of hepatic uptake of Co®By» 
(2). Booth and Mollin had compared this 
method with measurement of fecal excretion 
of Co®°By. and showed that hepatic uptake 
of radioactive B,. a week after oral adminis- 
tration is proportional to amount of By» ab- 
sorbed in the intestine(3). We have also ex- 
pressed the efficiency of intestinal absorption 
of vit. By. in terms of parenteral equivalents 
(1), by repeating measurement of hepatic up- 
take in the same individual after oral and par- 
enteral administration of similar doses of 
Co®’Biz. Pollycove and Apt(4) demon- 
strated that the determination of efficiency of 
intestinal absorption of Bi. by this method 
gives results similar to those obtained by 
measurement of fecal excretion of Co®Byos. 
The present investigation was undertaken to 
add more information on the efficiency of in- 
testinal absorption of vit. By: under various 
pathological conditions, by this technic. 

Method. Hepatic uptake of Co®°B,2 was 
measured by a previously described method 
(2) on 31 patients with a variety of diseases, 
and a total of 112 individual tests were made. 
The determinations were done 6-7 days fol- 


* Supported by Research Grant from Inst. of Ar- 
thritis and Metabolic Diseases, P. H. S., and Or- 
ganon, Inc., Orange, N. J. 


lowing a) oral administration of tracer dose 
of 0.5 pg Co®°Bys containing 0.35 resp. 0.50 
pc Cot, b) same dose of Co®’By. together 
with potent intrinsic factor preparation?, c) 
same dose of Co®’B,. intramuscularly. Each 
of these 3 tests was done on the same patient 
at intervals of 10-14 days. This is the time 
interval at which a plateau of hepatic counts 
appears(2-6). This leveling off of radioac- 
tivity over the liver makes it possible to use 
final radioactivity counts in one test as a 
base line for the next. As many as 4-6 in- 
dividual tests were done on 12 patients. Ef- 
ficiency of intestinal absorption of Bi. was 
calculated in terms of parenteral equivalents 
according to the formula: 


Parenteral equivalent of intestinal absorption 
Gn %) = 


Hepatic uptake on oral admin. 


100. 
Hepatic uptake on parenteral admin. 


The cases included 7 patients with perni- 
cious anemia, 4 with sprue, 3 with macrocytic 


t Supplied through courtesy of Drs. N. Ritter and 
Ch. Rosenblum of Merck Co., Inc., Rahway, N. J. 

{Supplied through the courtesy of Dr. K. W. 
Thompson of Organon, Inc., Orange, N. J. The 
preparation used (#5333) did not contain any ap- 
preciable amount of B,, on microbiological assay and 
was used at dose of 62 mg, equivalent to dose con- 
tained in 2 USP units of oral anti-anemia prepara- 
tion. 
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FIG. 1. Hepatic uptake of radioactivity in 15 cases of macrocytic anemia following oral and 


parenteral administration of Co”Bis alone and with intrinsic factor. 


non-pernicious anemia, 3 patients following 
total, and 3 following subtotal gastrectomy, 
3 with hepatitis, 2 patients with histamine- 
fast anacidity, 2 with cirrhosis of the liver, 1 
with regional enteritis, and 3 normal controls. 
The hepatic uptake in 3 cases of total and 
1 case of subtotal gastrectomy was counted 
at a higher voltage with somewhat different 
equipment. This accounts for relatively 
higher counts than that obtained in the re- 
maining cases. 

Results. These are shown in Fig. 1 and 2. 
The efficiency of intestinal absorption of 
Co®°B,» in various patients, as calculated in 
parenteral equivalents of absorption, ranged 
from 0 to 113%. No absorption was noted in 
5 out of 7 cases of pernicious anemia, in 3 
out of 4 cases of sprue, in the 3 cases of total 
gastrectomy, and in one case of regional enter- 
itis. It was only 3% and 10% each in the 2 
remaining cases of pernicious anemia in re- 
mission, and 2% in the remaining case of 
sprue. No hepatic uptake was noted in a 
case of hepatic cirrhosis with hepatic insuf- 
ficiency, studied a few days before death, 
whereas it had been normal 2 weeks before. 
In the other cirrhosis case, in one case of 
hepatitis, and in one case of histamine-fast 
anacidity without other symptoms, the ef- 
ficiency of intestinal absorption was 24-38%, 


i.e. below the lower limits of normal, which 
is about 40% at a dose of 0.5 pg Bie orally 
administered(6). Efficiency of By. absorp- 
tion was within normal range (40-109%) in 
the 3 cases of subtotal gastrectomy, in the 3 
cases of macrocytic non-pernicious nutritional 
and hemolytic anemia, in 2 of the 3 cases of 
hepatitis, in one of the 2 cases of histamine- 
fast anacidity, and in the 3 control cases. 

Addition of intrinsic factor preparation 
markedly raised efficiency of intestinal ab- 
sorption of By. in all 7 instances of pernicious 
anemia (from 0-14% to 16-113%), and also 
raised it in the 3 cases of subtotal gastrec- 
tomy, in one of the 3 cases of histamine-fast 
anacidity, in one of 3 cases of cirrhosis, and 
in one case of the macrocytic non-pernicious 
anemia (Fig. 1 and 2). The intrinsic factor 
had no effect upon Bj. absorption in the 3 
cases of sprue, and the effect was only very 
slight in the case of the one other sprue pa- 
tient. Only in one case of hepatitis and in 
one control, did we note a marked inhibitory 
effect by the intrinsic factor preparation used 
upon efficiency of intestinal By. absorption. 
In these 2 cases By. absorption decreased 
from 63-80% and 47% respectively to 9% in 
both instances. 

Comment. It is not known whether the 
same percentage of By. is deposited in the 
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liver when given intramuscularly, as when 
absorbed upon oral administration. The 
method used in this study, therefore, does not 
quantitate the intestinal absorption of vit. 
B,2, but provides a way to express the ef- 
ficiency of absorption of By» in terms of ‘par- 
enteral equivalents of intestinal absorption. 
It supplies comparable values which agree 
very well(4) with the figures derived from the 
method of measuring fecal excretion of Co®° 
Bis. This agreement is due to the fact that 
a) the hepatic deposition of By,» at the end of 
the first week is proportional to the amount of 
By absorbed in the intestine(3) and to the 
dose injected intramuscularly(7-8); b)_ if 
the im. administered dose of vit. B;2 is small, 
as was the case in these studies, Bj; is com- 
pletely absorbed within a few hours at the 
site of injection(7-8) and will be excreted 
in the urine only in traces(9); c) the pattern 
of hepatic deposition of vit. By. after oral 
(2-5) and parenteral administration(7-8) is 


similar and shows a slow rise, which comes 
to a peak at the end of the first week. It 
levels off thereafter. Proportionately, more 
By is deposited, however, in the kidneys 
after parenteral injection(15) than is the case 
after oral intake(10). Following oral ad- 
ministration, therefore, the distribution of By». 
in the body favors the liver more than when 
By. is injected, which would cause higher 
values of parenteral equivalents of intestinal 
absorption. This, in turn, would indicate 
somewhat higher efficiency of intestinal ab- 
sorption than is really the case. 

Our actual data on the abolished intestinal 
absorption of vit. By. in pernicious anemia, 
sprue, and after total gastrectomy, correction 
of this defect by intrinsic factor preparation, 
and the lack of effect of intrinsic factor upon 
By. absorption in sprue, are in line with our 
previous observations obtained by measure- 
ment of hepatic uptake of Co®°By» after its 
oral administration only(2,11-13). Efficiency 
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of intestinal absorption of By2, calculated in 
terms of parenteral equivalents, is more suit- 
able for comparison than figures of hepatic 
uptake of By» obtained in various individuals. 
The shape, size and position of the liver and 
the crystal of the scintillation counter influ- 
ence the hepatic count. Calculation of ef- 
ficiency of intestinal absorption of By in 
terms of parenteral equivalents disposes of 
these technically interfering elements. For 
clinical purposes, however, such as differen- 
tiation of macrocytic anemias, or detection of 
asymptomatic forms of pernicious anemia or 
sprue, calculation of parenteral equivalents of 
intestinal absorption has no advantages. Here 
the simplified, 48-hour technic of measuring 
hepatic uptake of radioactivity following oral 
administration of Co®B,., alone or with in- 
trinsic factor, is entirely adequate and satis- 
factory (14). 


Summary and conclusions. Hepatic up- 
take of radioactivity following oral adminis- 
tration of a tracer dose of Co®°B,». alone and 
with intrinsic factor preparation was com- 
pared with that after intramuscular injection 
of the same dose of Co®°B,s on 31 individuals 
with various diseases. Efficiency of intestinal 
absorption and effect of intrinsic factor prepa- 
ration was quantitated in this way and was 
expressed in terms of parenteral equivalents 
of intestinal absorption. 
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It is well known that injection of Hemo- 
philus pertussis cells to mice of certain strains 
produces a marked increase in histamine sen- 
sitivity (1,2,3) as well as an increase in ability 
of mice to become anaphylactically sensitive 
(4,5). Since histamine plays an important 
role in anaphylaxis of guinea pigs and other 
animals as well as man(6), it was tempting 
to conclude that pertussis increased suscepti- 


bility of mice to anaphylaxis mainly by in- 
creasing their susceptibility to histamine(7). 
This, however, doe. not explain why some 
strains do not become sensitive to histamine 
after pertussis injection(3,11) while becom- 
ing highly susceptible to anaphylaxis(11). 
Moreover, the state of histamine hypersensi- 
tivity in susceptible strains disappears much 
sooner than that of anaphylactic sensitivity. 
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TABLE I. Effect of H. pertussis Injection on Toxicity of Serotonin to Mice. 


————_ TE miee————_, 


Results 


CF mice ———— SSS 


Serotonin, Normal Pertussis treated Normal Pertussis treated 
mg/kg IDY/AMes %D IDy/Ase %D D/T %D D/T % D 
1.17 0/15 0 0/15 0 0/15 0 0/15 0 

2.34 2 0 9/35 25.3 2 0 3/14 21.2 
4.68 4 0 24/33 72.7 2 0 6/15 40.0 
9.37 “a 0 24/34 70.5 0 10/15 66.6 
18.75 a 0 20/33 60.6 a 0 9/14 64.2 
37.50 a 0 22/33 66.7 2/15 Seo 12/14 85.6 
75.00 1/15 6.6 18/35 51.4 0/15 0 3/15 86.6 
150.00 13/15 86.7 aL Als) 73.4 9/15 60 10/15 66.6 


* D/T = Deaths/Total mice inj. 


For these reasons, it appears that in anaphy- 
laxis of pertussis treated mice, hypersensitiv- 
ity to circulating histamine does not play an 
important part. Other mechanisms must then 
be sought. The role that serotonin (5-hy- 
droxytryptamine) may play in anaphylaxis 
has been suggested by various investigators. 
In guinea pigs serotonin can produce symp- 
toms that are similar to those observed in 
anaphylaxis(8), and it is released in vitro, to- 
gether with histamine, from platelets by 
an antigen-antibody reaction(9). Fink(10) 
found that serotonin inhibitors [d-lysergic 
acid diethylamide (LSD) and reserpine] pre- 
vent the Shultz-Dale reaction. For these 
reasons, it was of interest to investigate the 
effects of H. pertussis on sensitivity of mice 
to serotonin. 

Materials and methods. Female mice 
weighing from 14-16 g of either CF-1 strain 
(from Carworth Farms) or TF strain (Swiss 
Webster mice from Tumblebrook Farms) 
were used. Mice were injected intraperi- 
toneally with 2,000 million killed smooth 4. 
pertussis cells suspended in 0.25 ml of physio- 
logical saline solution. Mice were challenged 
intravenously with various doses of  sero- 
tonin* 4 days after pertussis injection. The 
drug was dissolved in physiological saline so- 
lution. Although final results were recorded 
24 hours after injection of serotonin, most 
deaths occurred within the first 2 hours. 

Results. Effect of H. pertussis on suscep- 
tibility of mice to serotonin. Groups of TF 
and CF-1 mice injected with pertussis cells 


* Purchased as creatinine sulfate salt from Nutri- 
tional Biochemicals Corp., Cleveland, O. 


were challenged with various doses of sero- 
tonin. The two strains were used because it 
is known that the TF mice become highly 
sensitive to histamine after injection of per- 
tussis, while CF-1 mice do not(3). This lat- 
ter strain should not be confused with the 
CF-W strain that is available from the same 
source. The results obtained are summarized 
in Table I. It is clear from these results that 
both TF and CF-1 mice become 20-30 times 
more sensitive to serotonin after administra- 
tion of H. pertussis. There is an indication 
that TF mice may become slightly more sen- 
sitive than CF-1, but the difference is not sig- 
nificant. With TF mice there is also a sug- 
gestion that the dose response curve for sero- 
tonin is a biphasic type of curve similar to 
that found previously with histamine(12). 
At 4.68 mg/kg dose of serotonin 72.7% of 
the animals died, while at 75 mg/kg dose 
only 51.4% died. 

Optimal time for development of serotonin 
sensitivity. Groups of TF mice were given 
pertussis cells, and at various intervals of 
time thereafter were challenged with various 
doses of serotonin. The results obtained are 
given in Table II where it can be seen that a 
low degree of sensitivity to serotonin was ob- 


TABLE II. Development of Sensitivity to Various 
Doses of Serotonin after H. pertussis injection. 
ae RE ee ee eee 


Serotonin, Days after H. pertussis ; 

mg/kg 1 3 6 10 
2.84 0/10* 4/10 4/ 9 2/10 2/10 
4.68 1/10 9/10 6/10 5/10 1/10 
9.37 4/10 5/10 5/10 5/10 8/10 
18.75 3/10 O/ LON aes OME OL 10m aet7* 9 
37.50 3/10 4/10 7/10 3/10 8/10 


* Deaths/Total mice inj. 
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TABLE III. Development and Disappearance of 
Serotonin Sensitivity in H. pertussis Mice. 


Days after Results, 

Group HZ. pertussis Dal 
il a 0/20 
2 1 0/20 
3 2 7/20 
4 4 15/20 
5 Wil 12/20 
6 18 8/20 
7 25 2/20 
8 32 1/20 
9 — 1/10 
10 = 0/7 9 


* No pertussis. A control group of 20 mice from 
the same batch of animals was challenged on the 
same day as Group 2, and another group of 10 
normal mice on the same day as Group 7 and the 
last control group on the same day as Group 8. 


TABLE IV. Effect of Various Antigens on Devel- 
opment of Sensitivity to Serotonin. 


Results 
Serotonin, JH. per- S. EB. rhusio- 
mg/kg tussis typhosa pathiae Normal 
2.34 ay 0/10 0/10 0/10 
4.68 7/10 e # ‘, 
Oe, ” 9 ”? 9 
18.75 5/ 9 si 3 “ 
37.50 5/10 ic ‘al 1/10 
75.00 6/10 ot i 0/10 


* Deaths/Total inj. 


served one day after pertussis injection. By 
the third day optimal sensitivity was ob- 
tained and it persisted for 10 days when the 
experiment was terminated. These results 
show that sensitization of mice to serotonin 
varies among individual mice just as in the 
case of histamine sensitization(3). 

To establish how long sensitivity to sero- 
tonin lasts, another experiment was_per- 
formed extending the period of observation to 
32 days. One-hundred-eight TF mice were 
used, of which 140 received H. pertussis cells 
and 40 were kept as controls. Groups of 20 
mice each were challenged at various intervals 
after administration of H. pertussis with 18 
mg of serotonin per kg of body weight. From 
the results given in Table III, as well as those 
in Table II, it is clear that sensitivity to sero- 
tonin reaches its peak three to four days 
after H. pertussis injection and gradually de- 
creases until sensitivity returns to normal by 
the 25th day. Groups of normal control mice 
challenged at the beginning and at the end of 
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this experiment (groups 1, 9 and 10, Table 
III) showed no marked sensitivity to 18 mg 
of serotonin per kg of body weight. 


Effect of other bacterial cells on sensitivity 
of mice to serotonin. Three different bacterial 
suspensions were used—acetone-dryed Sal- 
monella typhosa cells, Erysipelothrix rhusio- 
pathiae and H. pertussis. One group of mice 
received intraperitoneally 0.25 ml of a sus- 
pension of S. typhosa cells containing 0.032 
mg N/ml, another group received 0.25 ml of 
suspension of E. rhusiopathiae of a turbidity 
equivalent to 8,000 million H. pertussis cells/ 
ml, and the last group received 0.25 ml of sus- 
pension of H. pertussis containing 8,000 mil- 
lion cells/ml. Four days later the mice were 
challenged with serotonin. The results are 
given in Table III. Of the 3 bacterial species 
used, only H. pertussis was capable of pro- 
ducing the sensitivity to serotonin. 

Discussion. It has been difficult to account 
for the increased susceptibility to anaphy- 
laxis induced in mice by H. pertussis. Al- 
though in some strains of mice the increase 
in susceptibility to histamine was thought to 
explain the greater susceptibility to ana- 
phylaxis(7), other strains failed to sensitize 
to histamine(3,11) but became more suscep- 
tible to anaphylaxis after pertussis treatment 
(11). This observation suggested that other 
mechanisms, besides histamine action, may 
be involved in mouse anaphylaxis. Although, 
from the results obtained in our experiments, 
as well as those reported by others(8,9,10), it 
is tempting to suggest that pertussis cells ex- 
ert their effect by increasing the sensitivity of 
mice to serotonin, no direct proof to support 
this view has been obtained. Fink’s observa- 
tions that LSD and reserpine inhibit specific 
contraction of mouse uterus 7m vitro, tend to 
support the serotonin hypothesis. It should 
be remembered, however, that both LSD and 
reserpine are not specific anti-serotonin drugs, 
and it may well be that inhibition observed 
by Fink was due to a property other than 
that of inhibiting serotonin. Although the 
anti-serotonin activity of LSD as well as 
other anti-serotonin compounds like BAS can 
be shown by protecting pertussis treated mice 
against lethal doses of serotonin, it has not 
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been possible with these substances to pro- 
tect either mice or guinea pigs from anaphy- 
laxis. In fact, BAS actually seems to en- 
hance anaphylactic deaths.t For these rea- 
sons, it is premature to assume that pertussis 
cells exert their anaphylactic-enhancing effect 
by increasing the sensitivity to serotonin. It 
should be noted, however, that the type of 
death observed in pertussis-treated mice after 
injection of lethal doses of serotonin or hista- 
mine is grossly indistinguishable from that 
observed in anaphylaxis(13). Typically, 
after injection of serotonin mice become 
lethargic. Respiration becomes forced and 
within a few minutes signs of cyanosis are 
observed as evidenced by the color of snout, 
tail, ears and paws. The snout actually ap- 
pears to be swollen. Little cyanosis is ob- 
served in non-lethal reactions. Mice usually 
die within 15-30 minutes giving few tonic 
contractions of the hind legs. Usually after 
these final convulsions mice continue to gasp 
for a short time. The similarity of death pro- 
duced by these three different agents may 
well point to a common mechanism, and as 
Herxheimer(8) has suggested, death may 
result from a still unknown mechanism trig- 
gered by antigen-antibody reactions as well as 
by serotonin, histamine and perhaps other 
substances. 

Summary. (1) Two strains of mice known 
to differ with respect to their ability to be- 
come sensitized to histamine, were found to 
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become highly sensitive to serotonin after the 
injection of H. pertussis cells. (2) Some sen- 
sitivity to serotonin could be detected 16-24 
hours after the administration of pertussis. 
Sensitivity reached its peak by the third to 
fourth day, and disappeared by the 25th day 
after pertussis injection. (3) Ability to in- 
duce sensitivity to serotonin seems to be 
characteristic of H. pertussis. 
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Lippman(1) reported that gamma globulin 
made from rabbit anti-rat-kidney serum in- 
hibited growth in tissue culture explants of rat 
heart muscle and kidney as well as chick- 


* This study was supported by a research grant- 
in-aid from the N.I.H., U. S. Public Health Service. 


embryo-brain, heart muscle and mesone- 
phrons. The cytotoxicity of this serum did 
not appear species specific.. Investigation of 
this problem has been renewed in our labora- 
tory using monolayer tissue culture cells(2). 
This report concerns the effects of anti-rat- 


SO 


kidney serum on (1) rat kidney cells im vivo 
(nephrotoxicity), (2) rat kidney cells in tis- 
sue culture, (3) hemagglutination test and 
(4) the interrelationships. 

Methods. Preparation of tissue culture. 
Kidneys of rats or other species were minced 
and trypsinized according to Youngner’s 
technic(2). The renal cells were suspended 
in a medium containing 10% inactivated calf 
serum and 0.5% lactalbumin in Hanks bal- 
anced salt solution. One ml aliquots of this 
cell suspension were delivered into tissue cul- 
ture tubes. After 3-4 days of incubation, the 
tubes were refed. On the same or the next 
day of refeeding, varying concentrations of 
antisera were added to the medium to give 
final dilutions of the serum from 1:6 to 1:192 
in 2-fold steps. Production of immune sera. 
New Zealand rabbits weighing 2-3 kg each 
were used in pairs for producing various anti- 
sera against: 1. Saline organ emulsions: Per- 
fused rat kidney, liver, lung and heart were 
macerated and prepared as 20% suspensions 
in physiological saline. They were given in- 
traperitoneally by a schedule similar to Eh- 
rich, Forman and Seifter(3). 2. Tryptic di- 
gest of rat kidney: This material was pre- 
pared by the method described by Cole(4). 
The material thus prepared had a total nitro- 
gen content of 263 mg%. A total amount 
equivalent to 7-9 g of the original organ was 
given to each animal intravenously over a 
period of 8-10 weeks. A more concentrated 
tryptic digest of kidney was made with 500 
mg% of nitrogen. This was injected intra- 
peritoneally once a week over a period of 7 
weeks with a total dosage equivalent to 21 g 
of original kidney tissue. 3. Glynn’s antigen 
of kidney digest adsorbed onto streptococci: 
Streptococci of group A type 12 and concen- 
trated rat tryptic kidney digest was used in 
the preparation as described by Glynn and 
Holborow(5). 4. Human kidneys: Normal 
infant kidneys obtained shortly after death 
were emulsified in a Waring Blendor. The 
20% kidney emulsion was injected into rab- 
bits intraperitoneally. Human kidney ob- 
tained at surgery was immediately planted 
into tissue culture bottles(2). After several 
passages, the sheets of cells were washed and 
collected. Five ml of a 5% cell suspension 
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in saline was injected 3 times intraperitone- 
ally and 6 times intravenously into rabbits in 
6 weeks. All the above animals were bled 
from the heart 4-10 days after the last injec- 
tion. The antisera were inactivated at 56°C | 
for 30 min., adsorbed once with washed rat 
blood cells and then stored at —20°C until 
used. Definition of cytotoxicity. After anti- 
sera were added, renal tissue cultures were 
observed for cellular damage by low power 
microscopy daily for a period of 5 days. Cy- 
tologic changes were as follows: Mild or early 
effects were apparent as clumping of cells, 
nuclei became pyknotic and the cytoplasm 
became ‘“‘dusty” and coarsely granular. There 
was shrinking of the cytoplasm of these cells 
sometimes leaving thready spicules extending 
from one cell to another. Dead and pyknotic 
cells appeared first along the margins of the 
sheets. This process continued until all cells 
disappeared from the walls of the culture 
tubes. We arbitrarily defined unequivocal 
cytotoxicity as the loss of at least 50% of 
the cells (as compared to control culture 
tubes) and alterations of the type detailed 
above in the remaining cells. Method of ab- 
sorption. To each 2 ml of nephrotoxic sera, 
0.75 ml of organ material was added sepa- 
rately. The materials used were digests from 
0.4 g wet weight of rat lung, liver, heart and 
kidney and 50% whole kidney emulsion. The 
nephrotoxic serum was adsorbed with living 
rat kidney tissue culture cells by replacing 
the culture medium with 1 ml of nephrotoxic 
serum and then incubating at 37°C overnight. 
This was repeated 6 times. Hemagglutination 
test. Boyden’s method(6) was adopted with 
slight modification in that 1:10,000 tannic 
acid and 5% sheep red cells were used. The 
tryptic digest antigen used for adsorption 
onto the tanned sheep blood cells contained 
approximately 2.5 mg N/ml. Bioassay of 
nephrotoxic sera. Long-Evans rats, weighing 
100-150 g each, were used. For the rabbit 
anti-rat-kidney sera, 0.1-1 ml of serum was 
given intravenously per rat in a single or 2 
divided doses. The other organ antisera 
were also given intravenously as 0.5-3 ml 
per rat in a single or 2-3 divided doses on 2-3 
consecutive days. Eighteen hour urine speci- 
mens were collected on 1, 3, 7, 10 and 14 days 
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TABLE I. Comparison of Anti-Kidney Antibody Titers, Nephrotoxicity and Cytotoxicity of 
Various Antisera. 


—————— ee ee ee 
Saal nn 


Cytotox- 
icity for 
Hemagglutination titers vs Nephro- rat renal 
Rat tissue used for \ toxicity tissue 
immunizing rabbit Kidney Liver Lung Heart inrats culture 
Kidney emulsion 40,960 <40 <40 640 +4++4++ 96* 
digest, I.V. 640 ze i 160 0 6 
IB: 160 ¢ #4 <40 0 <6 
Kidney digest adsorbed 2,560 2 o me +++ 24 
onto strep. 
Lung emulsion 640 * 40,960 640 0 6 
Liver <40 40,960 2,560 , 0 <6 
Heart ae x 160 <40 ke 0 ie 
Streptococci i <40 <A) 0 a 


Normal rabbit sera and 
zero time 


* Reciprocal of highest significant serum dilution. 


after the last injection. The rats which sur- 
vived until the end of the 2 weeks of obser- 
vation were sacrificed. Histological examin- 
ation of all kidneys was made by Dr. Ber- 
nard Wagner, associate pathologist of the 
hospital. 

Results. From Table I, it is evident that 
the tryptic digest of rat kidney was only 
weakly antigenic. By adsorbing the soluble 
kidney digest onto streptococci, the kidney 
digest was apparently converted into a better 
antigen. The most potent nephrotoxic sera 
in vivo were those produced by injecting whole 
kidney emulsion. This was true in all par- 
ameters. Their anti-kidney hemagglutinin 
titers were highest, and they showed cytotoxic 
effects at 1:96 dilution of the sera in rat renal 
tissue culture. 

The organ specificity of this cytotoxic effect 
is indicated by the results of similar tests 
with the other rat organ antisera. Only the 
anti-lung serum demonstrated slight cytotoxic 
effects. Normal rabbit sera (including inac- 
tivated sera of those rabbits used for produc- 
ing various antisera obtained prior to period 
of immunization) were not cytotoxic. 

Organ specificity was assayed further by 
comparing the adsorbing ability of standard 
doses of tryptic digests of various organs 
(Table II). While the amount of kidney di- 
gest used in this adsorption was insufficient 
to completely neutralize the nephrotoxicity 
and cytotoxicity of the nephrotoxic serum it 


did neutralize the antiserum made by inject- 
ing rat kidney digest adsorbed on strepto- 
cocci. Lung digest was much more effective 
than digests of liver and heart in lessening re- 
activities in all parameters. The nephrotoxic 
serum, after adsorption with living rat kidney 
culture cells, was no longer cytotoxic in tissue 
cultures or nephrotoxic when injected in dose 
of 0.5-1 ml into rats, and the anti-kidney 
hemagglutinin titer was greatly reduced, 
(@eT6O)R 

Species specificity was demonstrated by 
using: (1) the usual nephrotoxic serum (for 
rats), (2) rabbit antiserum prepared against 
human kidney cells grown in culture and (3) 
rabbit antiserum prepared against whole hu- 
man kidney emulsion. These sera in various 
concentrations were tested for cytotoxic ef- 
fects in cultures of kidney cells derived from 
6 species of animals. The nephrotoxic serum 
appeared most toxic for Long-Evans rat kid- 
ney cells and slightly toxic for white rat and 
DBA mouse kidney cells (Table III). How- 
ever, it was nontoxic for other kidney cells. 
The antiserum against human kidney tissue 
culture cells was cytotoxic for human cells 
and weakly cytotoxic for monkey kidney 
cells. The antiserum against human kidney 
obtained from autopsy had toxic effects only 
for human kidney tissue culture cells. 

Discussion. A correlation has been dem- 
onstrated to exist between anti-kidney hemag- 
glutinin titers and 7m vivo nephrotoxicity in 
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TABLE II. Assay of Organ Specificity by Absorption Test. 


Cytotoxicity 
Anti-kidney Nephrotox- in tissue 
Serum and added component titer (HA) icity in rats culture 
1. Anti-rat-kidney serum 
+ physiological saline 1:40,96( ++-+-+ 1:96* 
+ rat kidney emulsion <a: 40 0 EMS (8 
+ ” a digest a + NG 
+ lung - 1: 640 +--+ 1:24 
+ ” liver ¥ P28 0 ++++ 1:48 
+ ” heart i 1: 2,560 ++-+-++ 1:48 
+ ” kidney tissue culture cells 18. AY) 0 alg a@ 
2. Anti-strep.-adsorbed-kidney-digest 
serum 
+ physiological saline 1:2,560 ESE ae 1:24 
+ rat kidney emulsion <<q)lk emer) 0 <1: 6 
qe Bi digest 0 af 


* Dilution of sera demonstrating unequivocal cytotoxicity for rat kidney tissue culture cells. 


these studies. Those sera demonstrating 
maximal nephrotoxicity had the highest titers 
of hemagglutinins. Sera lacking nephrotoxic 
effects in general had hemagglutinin titers of 
kidney antigens of less than 1:640. These 
results are in agreement with the recent re- 
port of Rothenberg, e¢ al.(7). The range of 
hemagglutination titers also correlated well 
with the im vitro cytotoxic effects. Absorp- 
tion of the nephrotoxic sera by digests of 
lung, heart and liver revealed a dispropor- 
tional reduction in hemagglutinin titers in 
comparison to the neutralizing effect on ne- 
phrotoxicity and cytotoxicity. This would 
seem to indicate that the antigen-antibody 
systems measured by the hemagglutination 
system may differ in some respects from those 
responsible for nephrotoxicity and cytotox- 
icity. 

We have also employed Middlebrook’s(8) 
method of adsorbing the soluble tryptic di- 
gests of organs on sheep red cells not treated 
with tannic acid. Results with such cells in 
hemagglutination test were consistently nega- 
tive. This suggests that the antigen-antibody 


system being measured by this test does not 
involve polysaccharide antigens of the kid- 
ney. 

Baxter and Goodman(9) found that the 
nephrotoxic antibodies could be removed by 
adsorption of nephrotoxic sera with extracts 
of rat organs other than kidney though the 
quantity needed varied with the different or- 
gans. The results of the comparison of the 
neutralizing potency of the various organ 
preparations we used for adsorption of ne- 
phrotoxic sera are in agreement with their 
finding. Though these results can be inter- 
preted as indicating some degree of organ spe- 
cificity, they also could reflect differences in 
the quantitative distribution of a common 
antigen in the various tissues. 

The data presented suggested that the one 
or more antibodies causing nephrotoxicity in 
the intact animals may be identical with the 
one or more antibodies causing cytotoxicity in 
culture. The evidence for this is based on the 
correlation between the cytotoxicity and the 
nephrotoxicity of the sera and the elimination 
of these effects by absorption of the sera with 


TABLE III. Species Specificity of Cytotoxie Effect. 


Long-Evans 


Source of kidney tissue culture cells 
White DBA 


Rabbit antiserum against: rat rat mouse Rabbit Monkey Human 
Rat kidney emulsion 1:96 1:24 ey <6 —<alin6 <eesluoeG 
Human kidney tissue culture <cisn6 <<] 4 Kile © e 1:6 1:48 
Human (autopsy) kidney emulsion + 2 Se i <ai6 1:24 
Rabbit serum control* 2 et i‘ io st <elese 6 


* Sera obtained from rabbits prior to production of various antisera. 
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either whole kidney emulsion or kidney tissue 
culture cells. The cytotoxic effect in tissue 
culture of nephrotoxic sera appears to be spe- 
cies specific, though there is some cross reac- 
tion between closely related species of ani- 
mals. This is significant in view of the spe- 
cies specificity of nephrotoxic serum nephritis 
(9). 

Latta and Kutsakis(10) recently reported 
that a heat-labile, complement-like factor 
present in guinea pig anti-chick-embryo-heart 
serum was necessary for the immediate cyto- 
toxic effect on chick-embryo-heart fibroblast 
grown in tissue culture. We are currently 
studying the effect of complement-like factors 
in this cytotoxic system. 


Summary. Rabbit antisera to both rat kid- 
ney saline homogenate and the tryptic digest 
of rat kidney adsorbed on streptococci caused 
cytotoxic effects upon rat kidney cells in tis- 
sue culture as well as renal pathology in vivo 
following intravenous injection of rats. The 
titers of the cytotoxic effect in tissue culture 
paralleled the nephrotoxic effect in vivo and 
the anti-kidney hemagglutinin titers im vitro. 
The kidney cells grown in tissue culture tubes 
were effective in absorbing the potent nephro- 
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toxic factor from serum. The cytotoxic effect 
of the nephrotoxic serum appears to be mark- 
edly species specific. 


The authors wish to express their thanks to Miss 
Ida White for technical assistance and Dr. Bernard 
Wagner for assistance in diagnosis of histological 
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The term conglutination (L. conglutinatio, 
act of glueing together) was applied by Bor- 
det and Streng(1) to describe clumping of 
red blood cells sensitized with antibody in the 
presence of complement (C’) and of a sub- 
stance called conglutinin, existing in serum of 
normal bovines. Realizing that C’ was neces- 
sary for conglutination, Streng(2) developed 


* Fellow of Rockefeller Foundation, on leave of 
absence from Dept. of Clinical Medicine, Univ. of 
Santiago Med. School, Chile. 

+ Aided by grant from “Capes”, Ministry of Edu- 
cation, Rio de Janeiro, Brazil, on leave of absence 
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a new serological test applied to the diagnosis 
of numerous diseases such as syphilis, gland- 
ers, dourine, brucellosis, etc. Interest in 
this test was revived recently largely as a 
result of the investigations of Hole and 
Coombs(3-6) and of Rice et al.(7,8). Hole 
and Coombs(3) suggested the expression 
“Conglutinating Complement Absorption” 
for Streng’s serodiagnostic test to indicate the 
analogy to and difference from the hemolytic 
complement fixation (C’F) test. However, use 
of the word absorption instead of fixation 
does not seem entirely justifiable, since the 
same basic phenomenon, i.e. disappearance of 
C’, is involved in both cases. We shall refer, 
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therefore, to ‘“Conglutinative Complement 
Fixation” (CC’F). Recent applications of 
the conglutination C’F test have been made in 
serodiagnosis of rickettsial and viral infec- 
tions(9-12), such as foot-and-mouth disease 
(Solovieff,9), Q fever (Wolfe and Korn- 
feld,10), psittacosis-lymphogranuloma, vac- 
cinia and influenza (Stoker, Coombs and 
Bedson,12); (Hilleman, Haig & Helmold, 
11). Experiments of this -kind are fre- 
quently handicapped by the small amounts 
of antigen or antiserum available and this led 
Fulton and Dumbell(13) to devise a drop 
method for performing the hemolytic C’F 
test. This technic has been successfully ap- 
plied to C’ fixation studies with influenza(13), 
Coxsackie(14,15) and poliomyelitis viruses 
(16)5 

In the present paper a drop method is also 
described for the conglutinative C’F test. 
The conglutinative indicator permits clearer 
readings than those afforded by the hemolytic 
test. Furthermore, preparation of glass drop- 
ping pipettes, as well as elaborate racks and 
air-tight boxes required for Fulton and Dum- 
bell’s technic are not necessary for the con- 
glutinative C’F microtechnic herein described. 

Materials and methods. Six samples of 
rabbit anti-bovine serum albumin, 21, 22, 24, 
25, M and O, containing respectively 0.707, 
0.510, 1.080, 0.169, 0.151 and 0.350 mg anti- 
body N/ml were used. The sera were diluted 
so as to contain 40 ng AbN/ml and preserved 
frozen at —20°C. MHyperimmunized guinea 
pig sera were utilized in experiments with 
foot-and-mouth disease virus, types A and C. 
The rabbit anti-C-reactive protein (anti- 
CRP) was a commercial preparation from 
Schieffelin & Co., New York City. Crystal- 
lized bovine serum albumin obtained from 
Pentex Inc., Kankakee, Ill., was used with- 
out further purification. The foot-and-mouth 
disease antigens were prepared from guinea 
pig membranes.+ Beef serum obtained from 
recent bleeding, and inactivated for 30 min- 
utes at 56°C was used as source of conglu- 


+ The authors are indebted to Dr. Maria Siqueira, 
Instituto Biologico, Sao Paulo, Brazil, for supplying 


foot-and-mouth disease antigens and antisera, types 
A and C. 


PLATE CONGLUTINATIVE COMPLEMENT FIXATION 


tinin. The conglutinative complement used 
was fresh, unheated horse serum. Both com- 
plement and conglutinin were stored frozen 
in 1 ml amounts at —20°C. The diluent used 
for all reagents was isotonic veronal bicar- 
bonate buffer, pH 7.3-7.4, containing 0.144 
M NaCl, 0.00015 M CaCl and 0.0005 M 
MegCl.(17). The indicator system was pre- 
pared by mixing 2 volumes of sheep red cell 
suspension containing approximately 1.5 x 
108 cells/ml with 1 volume of appropriate 
dilution of rabbit amboceptor and 1 volume 
of selected dilution of conglutinin. The red 
cell suspension was first standardized so that 
an optical density of 0.56 was obtained when 
1 ml of the suspension was lysed with 14 ml 
of distilled water. The O.D.= 0.56 refers 
to the reading in a Coleman Junior spectro- 
photometer, model 6, at a wave length of 550 
mp and with matching square cuvettes, 13 
x 13 x 100 mm. From this standardized sus- 
pension a 1:6.6 dilution was prepared to yield 
approximately 1.5 x 10% erythrocytes/ml. 
The amboceptor dilution corresponded to the 
optimal sensitizing dose as usually determined 
in hemolytic tests with a 10°/ml red cell sus- 
pension. The test-dose of conglutinin was 
ascertained in bloc titration experiments as 
indicated in the experimental part. Most 
tests were performed simultaneously by the 
usual tube method and by the drop technic. 
In the latter instance, the container was a 
plastic polysterene molded plate of the type 
commonly utilized for cellular cultures and 
virus neutralization studies.) During the 
test, the molded chambers of the plastic panel 
were partially immersed in ice water, a pre- 
caution which was essential to avoid C’ de- 
terioration. After distribution of the re- 
agents and careful mixing of the contents, 
the panel was covered with a glass plate whose 
edges were sealed with a strip of Scotch tape. 
The molded panel was then placed in a metal 
box whose bottom was covered with a layer 
of moist absorbent cotton. The unit volume 
of antiserum, antigen, C’, conglutinin and 
sensitized cells was 0.2 ml for tests in tubes 
and 0.05 ml for the plate test, giving final 


\ May be purchased from Dow Chemical, Mid- 
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TABLE I. Selection of Test-Dose of Conglutinin. 


Tube method Plate method 


Comple- ——Conglutinin—_ -— Conglutinin — 


ment 1:20 1:40 1:80 0 1:20 1340 1:80 0 
= 20 L3 =«68 4 0 4 4 4, 0 
1: 40 4 4 4 0 - 4 4 0 
1: 80 4 4 4 0 4 3 my) 
1:160 4 4 2 0 2 aa Oo @ 
1:320 a= 0 0 0 0 0 y 

0 0 0 0 0 0 0 0 @ 

L = lysis; 0 = negative; + to 4 — increasing 


degrees of conglutination. 


volumes of 1.0 and 0.25 ml respectively. 
After the fixation period, the indicator system 
(sensitized cells plus conglutinin) was added 
and the conglutination reaction was allowed 
to proceed in the incubator at 37°C for 30 
minutes, with occasional shaking to insure re- 
suspension of red cells. Antigen and antisera 
controls, as well as a confirmatory C’ titration 
were always included in the tests and sub- 
jected to the same incubation period as the 
fixation mixtures. When the conglutinative 
C’F test was performed in tubes, results were 
read after centrifugation at 1000 rpm for 1 
minute. Tubes were held between thumb 
and the index and middle fingers of the left 
hand and repeatedly tapped at the bottom 
with the index and middle fingers of the right 
hand to disperse gently the sedimented or 
conglutinated cells. Unconglutinated eryth- 
rocytes formed a homogeneous suspension, 
while conglutinated cells remained either as 
a solid disc (4 reaction) or as clumps of 
varying size (+ to 3 reactions). Read- 
ings on the plates were also recorded as + to 
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4, the last indicating complete congluti- 
nation. A gentle circular movement of the 
plate favors clumping of erythrocytes into 
the center of the molded chamber and so af- 
fords a more clear cut reading. In doubtful 
cases, readings were repeated 3-5 minutes 
after complete resuspension of the cells. 

Results. a) Selection of test-dose of con- 
glutinin. It is well known that amboceptor 
and C’, as well as C’ and conglutinin are mu- 
tually supplementary in conglutination(8). 
If we desire to titrate C’ or conglutinin, it is 
then necessary to use maximally sensitized 
cells in order to remain with only 2 variables 
(conglutinin and C’), so that one may be 
titrated with a convenient, arbitrarily chosen 
dose of the other. Table I summarizes a bloc 
titration showing this effect. With the excep- 
tion of the fixation tests carried out with C- 
reactive protein, all the tests were performed 
simultaneously with tube and plate methods 
to check reliability of the latter. 


The results obtained with the plate technic 
were only slightly weaker than those of the 
tube method in the conglutinin range of 1:20 
to 1:80 (Table I). By setting the test-dose 
of conglutinin at dilution of 1:20, the single 
batch of horse C’ used here always titrated 
1:160 by either the tube or plate technics. In 
all fixation experiments, conglutinin and 
horse C’ were used at dilution of 1:20. 

b) Determination of optimal amount of 
antigen. Table II gives the results of a bloc 
titration designed to determine optimal 
amount of BSA required to measure the C’- 
fixing potency of a rabbit anti-BSA serum 


TABLE II. Determination of Optimal Amount of Antigen. 


——————T ube method ey ———— Plate method = 
BSA Rabbit serum anti-BSA 22, 40 jg AbN/ml 
, 

10 ng N/ml He's; SII) AED ae sex) 0 ile ateal@) Ie eXi) alse) i Sky) 0 
1s 0 3 4 4 4 4 0 2 3 4 4 4 
ike al@) 0 0 3 4 4 4 0 0 1 3 4 A 
1: 20 0 0 2 4 4 4 0 0 0 3 4 4 
1: 40 0 0 0 4 4 4 0 0 0 0 4 4 
iSO) 0 0 0 3 4 + 0 0 0 1 4 4 
1:160 0 0 3 4 4 4 0 0 0 2 4 4 
1:320 2 3 4 4 4 4 0 2 2 2 4 4 

0 s 4 4 +t 4 4 4 4 4 4 4 4 
Complement titration 
igt@) alex) alga) Sef) Balan) 10 1220) SIe40 E80) e160 
Ll 4 4 4 4 Ll 4 4 3 3 
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TABLE III. Effect of Fixation Time and Tem- 
perature on C’-Fixing Potency of Rabbit Antisera. 
IANS ASAE a ee EE EEE 


Tube method Plate method 


Time and temp. Rabbit anti-BSA No 
of fixation 25° ME 0 sy NE etd) 


HOS ALOR LO HOY TOY Aue 
C’ titer: 160+ C’ titer: 40-80 


I. hr, room temp. 


IE, ale BYE, 63 25 40 40 25 63 
C’ titer: 80 C’ titer: 20 
PEE 2 O hrsO2G 40 40 63 635408) 63 
C’ titer: 80 C’ titer: 40 


* Reciprocal of antiserum dilution required for 
complete inhibition of conglutination in presence 
of optimal amount of antigen. 

+ Reciprocal of C’ dilution giving complete con- 
glutination (4) without serum or antigen, but 
after same incubation as for fixation mixtures. 


(No. 22). Here again, the difference in re- 
sults obtained with plate and tube technics is 
negligible. The optimal amount of antigen 
was either a 1:40 or 1:80 dilution of the stock 
solution. Deterioration of C’ was slightly 
greater in the plates than in tubes and this 
probably accounts for the higher titer given 
for anti-BSA in the plate (1:40), as com- 
pared with titer of 1:20 observed in the tube 
series. 

c) Effect of fixation time and temperature 
on CC'F with rabbit antiserum. It is cus- 
tomary to use a fixation period of 1% hour at 
room temperature for the CC’F test. In fact, 
Blomfield, Coombs and Hole(18) have shown 
that the C’-fixing potencies of anti-mallein 
sera from different species (horse, cattle, pig, 
goat, sheep, dog, cat, guinea pig, rabbit, fer- 
ret, hamster, rat and human), when assayed 
by CC’F with horse C’, were only slightly 
enhanced if incubated overnight at 4°C in- 
stead of for 1% hour at room temperature. 
However, our experiments with rabbit anti- 
BSA and BSA have shown the former to be 
preferable (Table IIT). 

As seen in Table III, CC’F titers were con- 
siderably higher after 20 hours at O°C or 1 
hour at 37°C than after % hour at room 
temperature. C’ deterioration was about the 
same when tests were incubated in tubes for 
1 hour at 37°C or for 20 hours at 0°C (C’ 
titer: 80). However, if C’ titrations were 
carried out in the plate, more deterioration 
occurred, particularly after 1 hour at 37°C 


PLATE CONGLUTINATIVE COMPLEMENT FIXATION 


(C’ titer: 20), probably due to deficient pro- 
tection against evaporation under conditions 
of the plate test. 

d) Relative titers in hemolytic and con- 
glutinative C'F tests. Table IV summarizes 
data which permit a comparison of the fixing 
potencies of 6 rabbit anti-BSA sera, as meas- 
ured by the CC’F test (tube and plate tech- 
nics) with horse C’ and by a refined method 
of hemolytic C’F using 2 50% units of 
guinea pig C’. Details concerning the last 
method will be presented elsewhere. The fix- 
ation period for all tests was 20 hours at 0°C. 

e) Use of CC’F in a virus system. The 
CC’F plate and tube technics were also used 
in parallel to demonstrate specific antibodies 
in sera of guinea pigs hyperimmunized with 
A and C types of foot-and-mouth disease 
virus. Fairly good agreement was observed 
in results obtained with 2 different immune 
sera and their corresponding antigens. With 
type A antiserum and its homologous antigen 
diluted 1/5 and 1/10, antiserum end points 
(complete fixation) of 1/160 and 1/320 were 
obtained by the tube and the plate method 
respectively. Tested under the same condi- 
tions, type C antiserum showed the same titer 
(1/160) by both methods. 

f) Estimation of C-reactive protein in hu- 
man sera. The CC’F microtechnic was 
also used for estimating C-reactive protein in 
human sera. The results of this study will be 
reported separately. 


Discussion. The results reported here 
show that the CC’F test may be easily per- 
formed on plastic molded plates in a final 


TABLE IV. Comparison of Titers* Given by Con- 
glutinative and Hemolytie C’-Fixation. 


Rabbit anti- 


BSA sera di-  Conglutinative 
luted to 40 C'F Hemolytic C’F 
ug AbN/ml Tube Plate 
21 40 63 ne 
22 63 63 110 
24 63 100 137 
25 40 63 93 
M 40 40 93 
0 63 63 200 


*CC’'F titers are expressed as reciprocals of 
serum dilutions giving complete inhibition of con- 
glutination; HCF titers, as reciprocals of dilu- 
tions, required 50% lysis. 
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1/160 1/320 1/640 Saline 
Y : \ 
Yj ‘ . 


FIG. 1. I—Negative serum. II and I]I—Complete fixation up to 1/80, partial fixation at 1/160. 
JV—Saline control 


volume of 0.25 ml without any impairment of 
sensitiveness or specificity. This microtech- 
nic is especially valuable because of the 
small volumes of reagents used and because 
of the ease of execution and reading (Fig. 1). 

The amounts of antibody N detected by 
the CC’F microtechnic were in the range of 
0.4-1.0 ng/ml for rabbit anti-BSA serum and 
as little as 0.1 ml of serum suffices for the 
test, including the serum control. The quan- 
titative information provided by the micro- 
test may be considered as sufficiently accur- 
ate for virus typing studies and for estimation 
of pathological proteins of clinical interest, 
particularly in cases where only small amounts 
of material are available. 

Summary. 1) A plate technic is described 
for study of complement fixation with a con- 
glutinative indicator system. The reliability 
of the new technic was checked by parallel 
use of the tube technic in experiments with 6 
different rabbit anti-bovine serum albumin 
sera. 2) The conglutinative complement fix- 
ation microtechnic has also proved satisfac- 
tory for detection of antibodies against foot- 
and-mouth disease viruses in guinea pig hy- 
perimmune sera, as well as for estimation of 
C-reactive protein in human sera. 
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Toxicity of Pantetheine.* 
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Rosert P. Knorr, Dantirt P. N. Tsao, R. S. McCutcHEON, VERNON H. CHELDELIN 
AND Tsoo E. KING 
School of Pharmacy, Science Research Institute and Department of Chemistry, 
Oregon State College, Corvallis. 


Pantothenic acid has been shown to prevent 
achromotrichia in animals. The results, how- 
ever, are not consistent and very high levels 
of the vitamin are sometimes required. The 
metabolically active forms of pantothenic 
acid are coenzyme A and pantetheine. It is 
probable that the inconsistency among vari- 
ous experiments may be due to certain un- 
controlled factors. For example, rate of for- 
mation of pantetheine from pantothenic acid 
may be limiting in some species. 

To study antigray-hair activity of pante- 
theine, a systematic study of its toxicity is 
required. As described below, pantetheine 
is relatively innocuous, with LD; of 5 to 7.5 
g/kg body weight of mice. 

Methods. The pantetheine was either syn- 
thesized in this laboratory(1) or purchased 
from Krishell Laboratories. Solutions con- 
taining 100 to 150 mg of pantetheine and 30 
mg glucose/ml in 0.02 M phosphate buffer, 
pH 6.2, were distributed into 10 ml ampules 
and sterilized for 30 minutes at 100°C, then 
stored in a refrigerator. Solutions for control 
experiments contained all ingredients except 
pantetheine. In experiments for chronic tox- 
icity, the solutions were diluted 10 fold with 
sterilized saline solution to obtain a desirable 
injection volume, about 0.3 ml/animal. Rab- 
bits were kept in individual cages. Mice of 
both sexes were caged in 2 groups, 7.e., con- 
trol and experimental. Stock diets were used 
throughout. All animals and diets were 
kindly supplied from the Animal Husbandry 
Department of this college. 

Results. Two rabbits, weighing 9 and 10 
Ib, received intravenous daily doses of 0.5 g 
pantetheine/animal for 4 days. No ill effect 
was observed. 


* Aided by grants from Nutr. Found. N.LH., 
U.S.P.H.S. Published with approval of Monographs 
Publications Com., Research Paper No. 317, Schools 
of Pharmacy and Science. 


Acute toxicity and LDs5,) in mice. The 
LD; test for pantetheine in mice by intra- 
peritoneal injection was conducted as shown 
in Table I. It is evident that the LD;o lies 
between 5 and 7.5 g pantetheine/kg body 
weight of mice. At 5 g/kg the mice showed 
some immediate signs of mild depression but 
only one animal died. When a 7.5 g/kg dose 
was administered, 12 animals out of 15 died 
within 4 hours and another within 20 hours. 
Two animals survived. General depression 
and apparent muscular incoordination was 
observed among most animals. At the 10 g/ 
kg level most animals died within an hour. 
Within 20 minutes after administration of 
pantetheine, signs of depression were ob- 
served as expected. No such abnormalities 
were shown among the control animals receiv- 
ing the same volumes of the solution without 
pantetheine. 


Chronic toxicity. The mice were divided 
into 2 groups of 51 animals each. Cages were 
changed 5 times a week after animals were in- 
jected and fed. Weighings were made before 
injection. Two-tenths g of pantetheine/kg 
body weight was administered during these 
experiments. Both control and experimental 
animals received 5 injections each week, 
Monday through Friday, for 10 weeks. Dur- 
ing the first 3 weeks, 5 animals in the control 
group and 4 in the experimental group died. 


TABLE I. Acute Toxicity of Pantetheine in Mice. 


No. of 
Avg vol Avgindi- No.of animals 
Dose, of inj., vidualwt animals died 
g/ke* ml of mice,g tested (24hr) 
2 32 16 13 Ot 
5 Ae 19.5 13 ib 
7.5 94 18 15 13 
10 1.18 17.2 12 12 
0 35 is iit Ot 
0 1.39 18.4 11 Ot 


*In g of pantetheine/kg body wt. 
+t No death after 1 wk. 
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After that time, no deaths were observed. 
The controls appeared to have a higher aver- 
age mean weight, namely about 2%, than did 
the experimental animals based on the first 
weighing. 

However, the experimental group contained 
29 females and 22 males whereas the control 
group contained 23 females and 28 males. 
The apparent higher gain in body weight in 
the control group could be attributed to un- 
equal sex distribution in these 2 groups. Thus 
the ratio of mean weight of the experimental 
animals to that of the controls was calculated 
and was practically constant at about 0.96. 
The increase in ratio from the 44th injection 
onward was due to pregnancy of the animals 
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since more females were in the experimental 
group. It is concluded that administration of 
pantetheine at 0.2 g/kg did not affect growth 
of mice under the conditions tested. 

Summary. The LDso of pantetheine in mice 
was found to lie between 5 and 7.5 g/kg body 
weight. General depression, and eventual 
death were observed in animals after admin- 
istration of high dosages of the compound. 
Intraperitoneal injections of pantetheine at 
0.2 g/kg body weight continuously for 10 
weeks did not affect growth of mice. 


1. King, T. E., Stewart, C. J., and Cheldelin, V. H., 
J. Am. Chem. Soc., 1953, v75, 1290. 
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The effect of increasing urinary flow on 
urea clearance values(1,2) has been well es- 
tablished. Urea clearances rise rapidly at 
low urine flows up to 0.35 ml/min. but above 
this rate of urine flow the increase in clear- 
ance is slight. Inulin and PAH clearances in 
man(1,3) do not seem to be influenced by 
diuresis. However, data on effect of diuresis 
on protein excretion and clearance are lack- 
ing. In our previous study(4), amylase clear- 
ances in man with normal urine flow were de- 
termined and found to fall in the range, 1-3 
ml/min. but the effect on amylase excretion 
and clearance of increasing urinary flow to 
high levels was neither determined experi- 
mentally nor could it be accurately predicted 
from an examination of the plot of amylase 
clearance vs. urine flow for the data available. 
Data on amylase clearances at high urine 
flows produced by water diuresis have now 
been obtained and are described here. 

Methods. The human subjects were 10 
male and 3 female medical students, ages 22- 
29. The subjects were instructed to drink 


* This work was partially supported by research 
grant from Nat. Cancer Inst., N.I.H., U.S.P.HS. 


water freely during afternoon and evening of 
the days prior to their individual clearance 
studies since the studies were carried out dur- 
ing a period of hot weather, July and August 
1956. To produce diuresis, each subject 
drank 1500 ml of water in 3 equal portions at 
half hour intervals prior to beginning of urine 
collection period. At zero time, the bladders 
were emptied and the last 500 ml of water 
taken. Approximately one hour later (time 
accurately recorded) the bladders were again 
emptied and these urine specimens collected. 
At approximately the mid-point of the inter- 
vening hour, blood samples were drawn by 
venipuncture for serum amylase determina- 
tions. Both urinary and serum amylase levels 
were determined by Van Loon’s(5) method. 
Clearances were calculated using the standard 


UV . 
formula [poet clearance, where U = urine 


concentration, P — plasma or serum concen- 
tration and V = urine flow in ml per minute. 
All values for urine flow, amylase clearance 
and amylase excretion are corrected to 1.73 
square meters of body surface. The diuresis 
produced such dilute urine that urinary amy- 
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TABLE I. Amylase Clearance during Water Diuresis in Normal Human Subjects. 


Amylase 
Urine vol, Urine amylase, exereted, Serum amylase, Clearance, 
Subject ml/min.*  units/100 ml units/min.* units/100 ml ml/min. 

} 15.6 15.5 2.42 146 1.67 
3.2 83.2 2.66 83 3.22 
15.4 ee 1.89 55 3.43 
ilisyal 9.8 1.48 42 3.54 
15s 12.8 1.96 43 4.57 
12.0 13.6 1.63 71 2.29 
3.4 17.6 60 53 G33 
13.3 10.0 1 ais 40 3.02 
18.6 11.4 QAZ 79 2.68 
11.9 13.2 iL fsi7/ 73 PRT 

Mean NAT 2.80 + .29 
fe) 15.2 11.4 Nes} 49 3.59 
6.4 26.3 1.68 69 2.41 
9.8 10.3 1.01 76 sie 
Mean 1.47 2.43 

Mean for both groups 1.70 2.72 + .28 


* All values are corrected to 1.73 m? of body surface. 


lase concentrations were too low to measure 
accurately in the usual 1:10 dilutions with 
isotonic saline. Instead, the chloride concen- 
trations were made up to 0.16 M by addition 
of solid sodium chloride to the undiluted 
urines and these used directly in the amylase 
analyses. Thus the undiluted urine samples, 
with amylase contents of 10-20 units/100 
ml, were about the equivalents of 1:10 dilu- 
tions of human serum. 

Results. Comparison of amylase clearance 
values during the diuresis (Table I) with 
those(4) obtained at urine flows of 3 ml/min. 
or less (these clearances were 2.08 + 0.18 
ml/min. for 13 men and 1.52 + 0.15 for 12 
women) indicates that amylase clearance in- 
creases only slightly during diuresis. Com- 
paring only the groups of men in the 2 ex- 
periments since there are only 3 women in 
the diuresis tests, the difference (2.80 — 
2.08 = 0.72) in mean clearances is of only 
borderline statistical significance(6): t = 
0.72/0.346 = 2.08. For 21 degrees of free- 
domi; sts(0.05 5 == 2.03) 

Comparing rates of amylase excretion per 
minute, a mean of 1.65 units/min. was found 
for all subjects (1.78 for men) at low urine 
flows and 1.70 units/min. for all subjects 
(1.77 for men) during diuresis. The per- 
centage difference in excretion rates is much 
less than that for the clearance values and is 
not statistically significant. 


In one subject (M8), amylase clearance 
was determined in three 20 minute intervals 
and was constant throughout the entire hour. 
Successive values were 3.26, 3.34 and 3.36 
ml/min. for the 3 periods at a serum amylase 
level of 40. In the same individual, redeter- 
mination of amylase clearance without diure- 
sis at a urine flow of 0.93 ml/min. gave a 
clearance value of 3.12 ml/min. at a serum 
amylase level of 46. In 7 other subjects for 
whom clearance data at both high and low 
urine flows was available, the clearances were 
not necessarily as constant, agreeing fairly 
well only when the serum amylase levels were 
about the same in the two determinations. 
Mean values at high and low urine flows were 
66 and 95 units/100 ml for serum amylase, 
1.59 and 1.63 units/min. for amylase excre- 
tion and 2.54 and 1.93 ml/min. for amylase 
clearance. 

Discussion. The data presented indicate 
that amylase clearance increases only very 
slightly with increasing urine flow and that 
amylase excretion remains constant over a 
wide range of urine flow. The slight increases 
in clearance may be due to increased glome- 
rular filtration rates. While it might appear 
from the data that amylase excretion is inde- 
pendent of serum amylase levels within the 
normal range, this is not a likely possibility. 
The observation that a plot of urine amylase 
concentration vs. urine flow resembles a rec- 
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tangular hyperbola(4) would fit this picture 
but other observations(7) show that excre- 
tion does increase with increasing serum lev- 
els, reaching values of 50-70 units/min. in 
patients with acute pancreatitis. 

It was noted that 6 of the group subjected 
to water diuresis had sub-normal serum amy- 
lase levels at the time blood samples were 
drawn. The mean serum amylase level for 
the whole group was 68 as compared to 99 
for the group with low urine flows. While 
it is not suggested that the diuresis was re- 
sponsible for the low serum amylase levels, 
the fact that low levels did prevail may be 
the reason that clearances were higher in this 
group than in the one with low urine flows. 
Clearance values would be greater at sub- 
normal serum levels if amylase excretion re- 
mained essentially unchanged. 

The data in these experiments again seem 
to indicate that amylase is filtered by the 
glomeruli but not reabsorbed in the tubules. 
No indication of a threshold is seen and clear- 
ance values do not increase with increasing 
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serum levels as would be the case if reab- 
sorption were at all appreciable. If there is 
no reabsorption of amylase, one would then 
not expect increasing urine flow, at which 
time there is a decreased reabsorption of 
water, to influence amylase excretion or clear- 
ance. 

Summary. 1. Amylase clearance increases 
only slightly during water diuresis. 2. Amy- 
lase excretion remains constant during water 
diuresis. 
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The rotation of a cardiac catheter for the 
purpose of directing the tip to a desired posi- 
tion frequently results in marked torsion and 
occasional breakage of the proximal end of 
the catheter and, at times, spontaneous dis- 
connection of the catheter from the stopcock. 
Either the deliberate separation of the cathe- 
ter to release the torsion, or spontaneous dis- 
connection, may allow air to enter the system, 
disrupt the continuous flow of anti-coagulant 
fluid, and prevent proper pressure recording. 

Methods. To facilitate free and continued 
manipulation of the cardiac catheter without 
allowing separation of the infustion appara- 
tus, a Luer-Lok adapter with a sleeve allow- 
ing free rotation in either direction has been 
developed. The adapter is made of nickel or 
chrome plated brass with a rotating~ Luer- 


Lok section connected to the catheter (Fig. 
1). The external rotating ring is larger than 
the rest of the adapter to allow for better 
gripping (Fig. 2A). The adapter can be un- 
threaded for more efficient cleaning and also 
to release tension of the inner rotating ring 
if it becomes too stiff (Fig. 2B and Fig. 3). 
The opposite end of the adapter is a conven- 
tional female unit (Fig. 2C). The inner bore 
is .073” diameter. The O ring is rubbert 
and has a temperature range of -40 to 
+300°F. The durometer of this ring is 70 
shore “A” (+5). The O ring is the inner 
part of the larger rotating metal ring. Fig. 3 
shows cross sectional details. The adapter 
and the stopcock have been also made into 
one unit using a standard B-D 5031 MS type 
3 way stopcock with an inner bore of .073” 


* Research Fellow Amer. Heart Assn. 


+ Purchased from Precision Rubber Products Corp. 
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Distal End 


FIG. 1 (top). Catheter attached and locked to ro- 
tating adapter stopcock unit. Profile view of clamp. 

FIG. 2 (bottom). External view of rotating adap- 
ter units. 


in diameter (Fig. 2, 3). With the usual 
catheters of larger diameters, rotation at site 
of cutdown is transmitted with enough tor- 
sion to the proximai end that the adapter may 
rotate spontaneously and therefore release 
tension automatically. With smaller cathe- 
ters or less rigid catheters the adapter can be 
used either to prevent or relieve torsion: The 
former by rotating the catheter at the site of 
the cutdown simultaneously with the adapter, 
or the latter by rotating the adapter after 
rotation of the catheter. This adapter unit 
provides no advantage when double lumen 
catheters are employed. 

Because the catheter is attached to the 
Luer-Lok of the adapter with a clockwise 
twist, a counter-clockwise rotation theoreti- 
cally may detach the catheter from the 
adapter, although, in our experience during 
catheterization, this has not occurred. To 
avoid this potential complication, a small 
clamp has been devised which holds the 2 
units together during rotation. The clamp is 
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: , Rin 
External Rotating Ring MALI 


Threaded for Separation 


Inner Rotating Ring 


Inner Rotating Ring 
Threaded for Separation 


0.073 in. Diameter 


External Rotating Ring 


FIG. 3. Cross-section blueprints of rotating adapter 

and rotating adapter stopcock unit. 
a chrome plated brass 2 pronged bar at- 
tached to a ring with a thumbscrew. The 
ring fits over the adapter; the prongs fit over 
the catheter hub. One can lock the 2 units 
together by tightening the ring thumbscrew 
(Epa) 

The rotating adapter has functioned satis- 
factorily and remained leakproof after fre- 
quent sterilizations, autoclavings, innumer- 
able rotations and subjected to tests with 
greater negative and positive pressures than 
are encountered during catheterizations. It 
may have wider application wherever one de- 
sires tubing to have free rotation without tor- 
sion. 

Summary. <A freely rotating adapter and 
clamp for the connection of the cardiac cathe- 
ter to recording and perfusion apparatus is 
described.? 

+ Since this manuscript was submitted, a paper by 
Gerish, R. A., and Dodrill, D. F., Harper Hosp. Bull., 
1952, v10, 133, describing a rotating syringe was 
called to the author’s attention. However, it is felt 


that the present rotating adapter represents a dis- 
tinct improvement over this device. 


The author thanks James Buck of Becton-Dickin- 
son Co. for his cooperation in the development and 
manufacture of this adapter. He also acknowledges 
helpful suggestions of Dr. Doris J. W. Escher, of 
Cardiac Catheterization Group, in developing the 
adapter and preparing the manuscript. 
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Recent medical literature has contained 
many reports of new, oral hypoglycemic 
agents(1,2,3). These seem to have hypogly- 
cemic effect in certain types of diabetics, but 
are sulfonylurea derivatives and as such may 
have certain limitations. Recently Ungar 
et al.(4) reported that a new, oral non-sul- 
fonylurea hypoglycemic agent was effective in 
both normal and alloxan-diabetic animals. 
Pomeranze(5) reported successful hypogly- 
cemic action in early clinical trials. 

This report is an early clinical evaluation 
of the hydrochloride of N*beta-phenethylfor- 
mamidinylimino urea, referred to hereafter as 
DBI. The object of this study was to deter- 
mine whether DBI has blood sugar lowering 
properties and whether there are any im- 
mediately discernible or early toxic effects. 

Materials and methods. Twenty known, 
proven or newly diagnosed diabetics were 
studied for periods varying from 2 days to 3 
months. They were first hospitalized and 
given a constant, weighed diet. The patients 
were checked separately by 3 different ob- 
servers at least twice daily. Previously known 
diabetics receiving insulin had their insulin 
discontinued and DBI substituted as needed. 
New diabetics were treated with DBI after 
the diagnosis was established. The labora- 
tory studies consisted of venous, fasting, So- 
mogyi-Nelson(6) blood sugar and capillary 
blood sugar determinations at varying inter- 
vals throughout the day. Urine sugars were 
determined by the Benedict method, fasting 
and at 11 a.m.,4 p.m.and 9 p.m. daily. A 
24-hour total urine sugar was also done. Each 
patient had a white blood count, blood hemo- 
globin and platelet determination, as well as 
a complete urinalysis. Some patients had 
complete liver function tests which included 
sulfobromophthalein, thymol turbidity, alka- 
line phosphatase, cephalin flocculation and 


* We are indebted to Dr. L. Freedman, U. S. Vita- 
min Corp., N. Y. City, for the DBI used. 


blood bilirubin studies. The 20 patients in- 
cluded 8 males and 12 females, whose ages 
varied from 34 to 80 and averaged 61 years. 
The duration of diabetes ranged from 1 to 33 
years and averaged 18 years. Twelve of the 
20 patients took insulin previously and their 
doses varied from 6 to 58 units daily. The 
average insulin dose was 28 units daily. After 
the blood sugar lowering ability was ascer- 
tained, the group was classified into one of 3 
categories: (1) successful; (2) partially ef- 
fective and (3) ineffective. Class I, Success- 
ful—indicated definite blood sugar lowering 
effect and included (a) those patients con- 
trolled on an adequate insulin dosage and 
weighed diet who were able to maintain the 
same degree of control with DBI plus weighed 
diet; (b) those with elevated blood sugars, 
previously uncontrolled, who showed a defi- 
nite drop in blood sugar level on DBI plus 
weighed diet. Class II, Partially Effective— 
included those with a definite blood sugar 
lowering effect who were unable to tolerate 
effective doses because of side effect severity. 
Class III, Ineffective—included patients with 
no significant change in blood sugar level in 
spite of at least 2 days’ administration of 150 
mg or more of DBI daily. 


Results. There was a demonstrable blood 
sugar lowering effect in 13 of the 20 patients 
studied (Fig. 1 and 2). Three others were 
classified as partially effective since the blood 
sugar lowering effect was apparent, although 
DBI was discontinued because of severe side 
effects. The patients designated as successful 
demonstrated a definite decrease in blood su- 
gar levels along with diminished glycosuria 
and disappearance of 24-hour urine glucose 
output. With those patients continued on 
DBI for prolonged periods, discontinuing the 
DBI or substituting a placebo resulted in a 
return to elevated blood sugar levels. There 
were no hypoglycemic reactions observed. 
The maximum daily requirement of DBI was 
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from 50 to 250 mg in divided doses. The first 
effective dose which lowered the blood sugar 
varied from 50 to 200 mg. 


Thirteen of the group showed no side ef- 
fects of any kind. The other 7 had side ef- 
fects from slight to severe. These included 
5 with nausea, 4 with diarrhea, 2 with vomit- 
ing and 2 with dizziness probably secondary 
to the vomiting. Three of the cases were un- 
comfortable enough to warrant discontinuing 
the drug. The symptoms improved within a 
few hours after the drug was stopped. In 2 
of the 4 failures, the drug was ineffective in 
spite of daily doses of 200 and 225 mg. In 
the other 2 cases, the doses were insufficient 
because of side effects which appeared before 
the effective level had been reached. Except 
for these side effects, no other untoward find- 
ings or toxic manifestations have been found 
to date. The patient with the longest period 
of treatment has now received DBI 3 months. 
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Discussion. If it is true that DBI increases 
glucose uptake in isolated rat diaphragm and 
that it is fully active in alloxan-diabetic ani- 
mals, this drug may have a potential of con- 
siderable significance, providing no toxic 
manifestations develop. At present the inci- 
dence of side effects is too high, but 
improved technics of administration or pos- 
sible chemical changes might alleviate this 
difficulty. It is interesting to note that as 
yet the side effects seem to be limited to the 
gastrointestinal tract and have been observed 
even in the presence of high blood sugar lev- 
els. This suggests that the annoying symp- 
toms are not related to hypoglycemia. Fur- 
ther study is needed to find range of effective- 
ness and to ascertain any toxic effects. The 
doses effective in this study are much smaller 
than those required to lower blood sugar levels 
in the reports of other oral hypoglycemic 
agents. 
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Summary. 1. This is an early evaluation 
of a new, non-sulfonylurea hypoglycemic 
agent. 2. In this study of 20 cases, DBI, the 
hydrochloride of N*beta-phenethylformamidi- 
nylimino urea, appears to have definite blood 
sugar lowering properties. The mechanism of 
action is not yet known. 3. There are annoy- 
ing side effects in some cases which are re- 
stricted to the gastrointestinal tract and are 
not related to the blood sugar levels. 4. No 
other annoying or toxic effects have been ob- 
served at this time. 5. The size of the effec- 
tive blood sugar lowering dose is smaller than 
that reported for other oral hypoglycemic 
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Desoxyribonucleic Acid (DNA) Content of Mammary Gland During 
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Davin R. GRIFFITH AND CHARLES W. TURNER 
Department of Dairy Husbandry, University of Missouri, Columbia. 


It has been postulated that for any given 
species the somatic cell nuclei contain a con- 
stant amount of desoxyribonucleic acid 
(DNA)(1). This being true, determination 
of DNA would provide an accurate estima- 
tion of the number of cells formed during the 
developmental phase of a tissue, gland or or- 
gan(2). Upon the basis of this theory, studies 
have been conducted to determine total DNA 
of mammary glands of rats(3), rabbits(4) 
and mice(5) during normal and experimental 
development of the mammary gland in order 
to measure extent of mammary gland growth. 

It was thought necessary to provide a 
sound basis for the above studies(3,4,5) by 
determining the DNA content per cell of 
mammary gland during growth and lactation. 

Methods. Virgin, pregnant and lactating 
primiparous albino rats were used. Preg- 
nancy ranged from 15-20 days and was de- 
termined by examination of fetuses. Animals 
which were used for determination of DNA 
of early lactation were all taken on the day 


* Contribution from Department of Dairy Hus- 
bandry, Mo. Agr. Exp. Sta. Journal Series No. 1736. 
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+ This investigation was supported in part by grant 
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of parturition. The days of late lactation 
ranged from the 18th to the 21st. The ani- 
mals were killed and the 6 posterior glands 
were quickly removed and placed in 30 ml 
of ice cold isotonic sucrose containing 1% 
citric acid. The kidney, spleen and mammary 
gland were treated in an identical manner. 


Tissue was homogenized for 2 minutes in a 
Waring Blendor(6) and strained through 
cheesecloth, 2 and 4 layers in thickness. This 
filtered homogenate was then used for sub- 
sequent fractionations. Filtered homogenate 
was centrifuged 30 minutes at 2100 rpm, 
1100 rpm for 15 minutes, 800 rpm for 10 min- 
utes and 600 rpm for 10 minutes. Final sedi- 
ment was suspended in 10 ml of homogeniz- 
ing solution and nuclei were then counted on 
a hemocytometer. Tissue residue was ex- 
tracted with ice cold 10% trichloracetic acid 
and DNA determined by a method recently 
published(7). DNA per cell was then deter- 
mined by dividing total quantity of DNA by 
known number of nuclei in the original sus- 
pension. 

Results. It was observed that DNA of the 
nucleus remained within reported literature 
values in the virgin and the pregnant animal. 
In the virgin animal DNA content of pooled 
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FIG. 1. DNA content per nucleus of mammary gland 

cells of rat during pregnancy and lactation compared 

to kidney and spleen cells. The marked decline in 

DNA per cell in early lactation has not been reported 
previously. 


kidney and spleen only was determined due 
to insufficient development of the mammary 
gland at this stage. DNA per nucleus in vir- 
gin animals had a mean average of 6.1 pico- 
grams,t while the mean for pregnant animals 
was 7.2 for pooled tissue and 6 picograms for 
mammary gland. 


On the first day of lactation, in both tissues 
there was an appreciable drop in nuclear 
DNA content. The mean value for pooled 
tissue was 3.9 picograms and for mammary 
gland 3.4 picograms. There was a statistical 
difference (P<.0025) between the pregnant 
animal and the animal in early lactation. 


By the time of late lactation DNA had 
risen to the mean value of 5.05 picograms for 
pooled tissue and 4.2 for mammary gland. 
These values were not statistically different 
from those obtained during the non-pregnant 
and pregnant stages of this study. 

Throughout the experiment there was no 
statistical difference among groups with the 
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exception (P<.05) of pooled kidney and 
spleen and mammary gland during preg- 
nancy. 

A number of determinations were carried 
out on male mice with experimentally induced 
mammary gland growth. The values, an 
average of 5.1 picograms per nucleus, were 
within the reported value of other somatic 
tissues of the mouse (kidney and spleen) of 
5 picograms per nucleus(8). 

Discussion. The results of this experiment 
show that during the period of pregnancy or 
experimentally induced gland growth the es- 
timation of DNA would be an accurate meas- 
urement of cell multiplication. The abrupt 
drop of DNA per cell at onset of lactation 
seems to be contrary to reports in other tis- 
sues. To the authors’ knowledge, this is the 
first report of DNA content of cells during 
the physiological changes of pregnancy and 
lactation. The estimation of cell number 
during this period would be accurate only if 
a correction factor were applied for the 
change in DNA. 

Summary. A study of the DNA concentra- 
tion per nucleus was carried out on kidney 
and spleen and the developing and lactating 
mammary glands of rats. The DNA concen- 
trations remained within normal values in the 
pregnant and non-pregnant stages. On the 
first day of lactation there was an abrupt 
drop in this value which returned approxi- 
mately to normal by 18th day of lactation. 
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Department of Pharmacology, Cornell University Medical College, Beth Israel Hospital, and 
Hospital for Joint Diseases, N. Y. City. 


Injection of common digitalis glycosides by 
the intramuscular route has been restricted 
by two limiting factors: Many of the glyco- 
sides dissolve poorly in water, while solvents 
that are effective also irritate the site of in- 
jection. Experience with propylene glycol as 
a vehicle for intramuscular injection(1,2) led 
to its trial with the digitalis glycosides. The 
preparation described in this report contained 
digoxin, 0.25 mg per cc, in 40% propylene 
glycol and 10% ethyl alcohol. Onset and 
persistence of cardiac action were compared 
after injection by the intravenous and by the 
intramuscular route. Local reactions were ex- 
amined after injections of intramuscular di- 
goxin, and after injections of the solvent. 

Method. Cardiac effect was measured in 
patients with auricular fibrillation, as de- 
scribed in detail elsewhere(3). Seven patients 
who maintained rapid ventricular rates with- 
out digitalis were placed at complete bed rest 
in the hospital. The etiology of their heart 
disease varied, their ages ranged from 34 to 
75 years, and 4 were female. None had gross 
edema. After one or 2 weeks, when the apex 
rate had declined to a constant level, an injec- 
tion of digoxin was given and the rate fol- 
lowed closely. In another week or 10 days 
the second injection of digoxin was given by 
the alternate route. In every case the dose 
was 1.2 mg, the full digitalizing dose of di- 
goxin(3). Each patient received an intra- 


* Supported by research grant form Nat. Heart 
Inst., and Digitalis Fund of Cornell University Medi- 
cal College. 

t Research Fellow of N.I.H. 

¢ Present address, Tokushima Medical 
Tokushima, Japan. 

§ Kellogg Foundation Fellow from University of 
Chile. 

|| Present address, Baylor University College of 
Medicine. 

{ “Lanoxin” brand digoxin, supplied by Burroughs 
Wellcome & Co. 


College, 


muscular and an intravenous dose, the order 
being reversed in 3 of the 7 subjects. Addi- 
tional injections were made for systematic 
study of the local reactions by a method pre- 
viously described(4). Each of 26 ambulant 
patients not on digitalis received an injection 
deep into the buttock muscle, and a week 
later a second injection into the opposite but- 
tock. One injection was 2 cc of the digoxin 
solution, the other 2 cc propylene glycol, and 
the sequence random. The physician who 
questioned them and examined the site did 
not know which material had been injected. 


Results. The curves in Fig. 1 demonstrate 
the more gradual onset of digoxin effects fol- 
lowing intramuscular injection. At 1 hour, 
when the activity of intravenous digoxin was 
virtually complete, that of intramuscular di- 
goxin was just perceptible. Maximum effect 
reached the same intensity for the 2 routes, 
though present by 2 hours after intravenous 
injection and not until 8 hours after intra- 
muscular injection. The apex beat returned 
toward control level at the same rate whether 
the injection was intramuscular or intra- 
venous. 

Variability in the effect was studied from 
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FIG. 1. Development and persistence of cardiac ac- 

tion in 7 patients with auricular fibrillation. Hori- 

zontal bars in space labeled “control”, are average 

rates after one to 2 weeks of bed rest. “Dose” repre- 

sents 6 minutes for intravenous injection, after which 
the logarithmic scale begins. 


350 


Local Reactions to Intramuscular In- 
jection. 
. 2 ee ee ee ee 
a 
-——Time of examination—~ 
% of 26 patients c 
with lhr 


TABLE I. 


Days = 


1 2 3 7 


Digoxin preparation 


Severe pain 50 15 0 0 0 
Erythema 0 8 12 8 0 
Induration 0 42 | 4 0 
Propylene glycol 
Severe pain 4 0 0) 0) 0 
Brythema 0 0 0 0 0 
Induration 0 23 8 4 + 


each of the 14 individual ventricular rate 
curves. The deepest depression of rate sus- 
tained for at least 3 hours was read from 
each curve. That depression fell lower after 
intravenous injection in 4 patients, after in- 
tramuscular in 3. The mean effects for the 
routes were not different; standard errors 
were 2.5 beats per minute for intravenous 
and 3.6 for intramuscular. No systemic tox- 
icity was encountered. 

Table I summarizes the local reactions and 
their time of onset. Within 1 hour of intra- 
muscular digoxin half of the patients devel- 
oped severe pain, and most of these showed 
tissue reactions the following day. In the 
parallel test, propylene glycol caused little 
pain and less frequent tissue response. 
Twenty additional patients served in a final 
“double-blind” comparison between reactions 
to the solvent (40% propylene glycol and 
10% ethanol) and to physiological saline. In 
these 20 patients there was neither tissue re- 
action nor severe pain, although 9 of them 
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mentioned fleeting pain after the solvent and 
3 did so after saline. 

Discussion. Absorption from an _ intra- 
muscular depot of digoxin is not fast enough 
to serve an emergency that demands rapid 
digitalization. This preparation might act 
as a convenient substitute for oral digoxin in 
patients temporarily unable to take regular 
digoxin tablets. Since only two-thirds of the 
activity of oral digoxin is detected on the 
heart(3), a shift from oral to intramuscular 
digoxin should include reduction in dosage. 

Summary. Digoxin in 40% propylene gly- 
col and 10% ethanol was injected intramus- 
cularly in 7 patients with auricular fibrilla- 
tion. Its full cardiac effect was reached in 8 
hours, while intravenous digoxin in the same 
patients reached full effect in 2 hours. In- 
tensity and persistence of action were the 
same for both routes. Additional intramuscu- 
lar injections in 26 patients revealed pain but 
no permanent tissue damage. 
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Continuing interest in the metabolism and 
pharmacology of pyrimidines and pyrimidine 
derivatives (1,2) prompted us to make a study 
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of the intestinal absorption of a number of 
2-thiopyrimidines and of 3 natural pyrimi- 
dines. Compounds of this type have fre- 
quently been studied by oral administration 
to animals, although it has not been deter- 
mined which of them is adequately absorbed 
from the gastrointestinal tract. We wished 
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to obtain information on this point, and to 
determine whether any consistent changes in 
absorption were produced by various substi- 
tuents in the ring. Since a number of 2-thio- 
pyrimidines have antithyroid activity, it was 
possible in some instances to correlate rate of 
absorption with presence or absence of anti- 
thyroid activity. 

Procedures. Sprague-Dawley rats, fasted 
24 hours, and weighing 200-250 g were used 
for all tests. Compounds were prepared as 
5 mM solutions in 0.154 M phosphate buffer 
at pH 6.6, and 2 ml, containing 10 »M of 
compound (eé.g., 1.28 mg thiouracil), admin- 
istered intragastrically by means of a #10 
soft rubber catheter attached to a hypodermic 
syringe. Although 6.6 is considered to be the 
normal average pH of the rat intestine(3), it 
was necessary to test a few compounds at pH 
8 because of their poor solubility at pH 6.6. 
After 30 minutes, the test animal was killed, 
the stomach and small intestine removed and 
washed out with enough phosphate buffer at 
pH 6.6 to give a total volume of 50 ml. The 
combined washings were filtered, and recov- 
ered thiopyrimidine determined colorimetri- 
cally with Grote reagent(4). Natural pyri- 
midines were determined by the lithium ar- 
seno-tungstate method of Soodak ef al.(5). 
Since phosphate interferes in this test, physio- 
logical saline was used for washing out the 
tract. All readings were corrected for blank, 
and the fraction of dosage not recovered was 
calculated as % disappeared. Disappear- 
ance by loss into the cecum was excluded 
since administered compounds seldom tra- 
versed more than % the length of the intes- 
tine in 30 minutes. Disappearance by enzy- 
matic destruction prior to absorption was also 
excluded, since incubation tests im _ vitro 
showed that digestive enzymes do not attack 
pyrimidines. Adsorption of pyrimidines on 
proteins does occur at the normal pH of the 
intestine(6), but attempts to recover ad- 
sorbed material by acid washes did not give 
good results. An estimate of adsorption was 
obtained by placing 2 ml of pyrimidine solu- 
tion in the duodenum of the intestine from a 
freshly-killed rat, and washing through im- 
mediately. Recovered compound was deter- 
mined as before, and the % adsorption cal- 


TABLE I. Intestinal Absorption and Adsorption 
of Pyrimidines in Rats. 
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culated. The difference between % disap- 
peared and % adsorbed was taken as % 
absorbed. When the animal was anesthe- 
tized and the stomach ligated at the pyloric 
end, administered pyrimidine was recovered 
almost completely. Hence, the stomach was 
not used in measuring adsorption, since any 
material bound in this way was apparently 
removed by acidic secretions during the 30- 
minute disappearance tests. Antithyroid 
tests. Thiopyrimidines were prepared as olive 
oil mulls, and 50 »M/day injected subcu- 
taneously into 30-day-old Sprague-Dawley 
rats. After 6 days, 5 »C of I'*! sodium io- 
dide was injected intraperitoneally, and the 
24-hour accumulation of isotope in the thy- 
roids measured. In other tests, thiopyrimi- 
dines were injected for 13 days, then the thy- 
roids analyzed for total iodine. 

Results. Table I shows the results of the 
absorption studies as % absorbed + mean 
standard error, and as % adsorbed. These 
figures may be converted directly to micro- 
mols by dividing by 10. Thiopyrimidines are 
named as derivatives of 2-thiouracil, and the 
ring is numbered in accord with TUC nomen- 
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TABLE II. Antithyroid Activity of Injected Thio- 


pyrimidines. 
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clature. The number of animals refers to the 
absorption figure. Adsorption was measured 
with 3-5 animals, and all measurements were 
within 3% of the mean. In addition to the 
compounds shown in the Table, thiobarbituric 
acid and the carboxy derivatives were also 
tested at pH 8, and showed some improve- 
ment in absorption. Absorption of uracil was 
so rapid that none could be recovered from 
the intestine after 30 minutes even when the 
dosage was increased to 15 pM. 

Results of the antithyroid studies are 
shown in Table II. Ten animals were used in 
each group, and an antithyroid rating calcu- 
lated when the mean difference from the con- 
trols was significant at the 5% level or less. 
In previous work, the 6-methyl-5-iodo deriva- 
tive was found to be inactive as an oral anti- 
thyroid compound(8). Present results indi- 
cate that the oral inactivity was due to low 
solubility, and consequent poor absorption, 
at the normal pH of the intestine. 

Discussion. With the possible exception of 
uracil, intestinal absorption of the pyrimi- 
dines studied was undoubtedly passive. Very 
small quantities were absorbed in 30 minutes 
(e.g., 0.52 mg thiouracil), and absorption of 
4 different thiopyrimidines was unchanged 
when the solutions were made 10? M in 
phlorhizin. The pyrimidines most poorly ab- 
sorbed are fairly strong organic acids, and ex- 
tensively ionized at pH 6.6. Improved ab- 
sorption of these compounds at pH 8 was 
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most probably due to increased solubility, |) 
since they are difficultly soluble in neutral | | 
aqueous media, and may have partly precipi- 
tated in the stomach when administered at _ 
the lower pH. Aside from strongly ionic 
groups, comparison of different derivatives 
shows that any substituent that increased 
polarity of the molecule decreased intestinal 
absorption, while non-polar substituents 
(small alkyl groups) had no effect so long as 
the molecule remained soluble at the pH used. 
The position of the substituent in the ring 
was relatively unimportant. 

It has been reported that intestinal ab- 
sorption of both D- and L-amino acids is also 
inhibited by ionization or by presence of 
polar side-chains(9,10) despite active absorp- 
tion of the L-isomers. Further examples of 
this same relationship as reported in the gen- 
eral biological literature(11) suggest that in 
any series of similar, water-soluble com- 
pounds, the rate of intestinal absorption is 
inversely related to polarity. Since strongly 
polar thiopyrimidines generally lacked anti- 
thyroid properties when injected, polarity 
may also inhibit penetration of compounds 
into the thyroid. Without further informa- 
tion on disposition of these compounds in 
other tissues, this possibility is only specu- 
lative. However, the results convince us 
that 6-butylthiouracil for instance, is indeed 
slowly absorbed from the intestine because of 
low solubility, but exhibits antithyroid po- 
tency because of favorable handling in the 
tissues. 

Summary. The intestinal absorption of 3 
natural pyrimidines and of 17 2-thiopyrimi- 
dines was studied in intact rats, and the anti- 
thyroid activity of 12 of the latter compounds 
tested by subcutaneous injection. With the 
possible exception of uracil, all compounds 
tested were passively absorbed. No relation 
was found between intestinal absorption and 
adsorption, and among compounds showing 
oral antithyroid activity, no relation was 
found between this activity and absorption. 
Both absorption and antithyroid activity were 
decreased by ionization or by polar groups, 
while small, non-polar groups had little or no 
effect on absorption. The position of the 
groups was of minor importance. It is sug- 
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gested that the rate of intestinal absorption, 
for any series of similar, water-soluble com- 
pounds, is inversely related to polarity. 
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Effect of Distillers Dried Solubles and Molybdenum on the Growing Chick.* 
(23219) 


A. A. Kurnicx,t B. L. Rem, R. N. Burroucus, H. D. STELZNER AND J. R. Coucu 
Departments of Poultry Science and Biochemistry and Nutrition, Texas A. and M. College System, 
College Station. 


The role of molybdenum in animal nutri- 
tion has been ably reviewed by Dick(1) and 
the association of this element with xanthine 
oxidase in the rat by Westerfeld and Richert 
(2). The first indication of a possible re- 
quirement for molybdenum by the chick and 
poult fed a purified type diet was reported by 
Reid e¢ al.(3). The addition of 0.0254 ppm 
of molybdenum to a purified diet has been 


* This work was supported in part by Robert A. 
Welch Fn., Houston, Texas. The following products 
were supplied through the courtesies as indicated: 
Inositol and Cerelose (monohydrate), Corn Products 
Refining Co., Argo, Ill.,; folic acid and aureomycin, 
Lederle Laboratories Division, Am. Cyanamid Co., 
Pearl River, N. Y.; biotin, Hoffmann-LaRoche, 
Inc., Nutley, N. J.; soybean oil, the Buckeye Cellu- 
lose Corp., Cincinnati, O.; methionine and glycine, 
Dow Chemical Co., Freeport, Texas; stabilized vit. 
A, Stabilized Vitamins, Inc., New York; vit. Ds, 
Bowman Feed Products Co., Holland, Mich.; diphen- 
ylparaphenylenediamine, B. F. Goodrich Chemical 
Co., Cleveland, O.; alpha tocopheryl acetate, mena- 
dione, riboflavin, thiamin HCl, p-calcium pantothen- 
ate, para-aminobenzoic acid, pyridoxine HCl, niacin, 
choline chloride and vit. B,», Merck & Co., Rahway, 
INP We 

+ Predoctoral Research Fellow of National Cancer 
Institute, N.I.H., P.H.S., Bethesda, Md. 


subsequently shown by the same group of 
workers to stimulate the growth of poults and 
the activity of both intestinal and liver xan- 
thine dehydrogenase(4). Furthermore, a 
portion of the growth promoting activity of 
the ash of distillers dried solubles(5,6) was 
reported by Reid et al.(4) to be due to the 
molybdenum content of this unidentified nu- 
trient source. 

The present study was initiated to deter- 
mine the effect of feeding distillers dried sol- 
ubles ash, after the molybdenum has been re- 
moved from this substance, on the growth, 
bone ash, molybdenum distribution in tissues 
and on xanthine dehydrogenase activity of 
chicks. 

Method. New Hampshire chicks, from 
dams fed an all vegetable protein diet con- 
taining no added unidentified growth factors 
(5), were distributed at random into groups 
of 12 birds each. Each treatment was repli- 
cated once. The basal diet (Extracted soy- 
bean protein and Cerelose supplemented to 
meet the requirements of the chick) and the 
care and management of the birds was the 
same as previously reported by Reid e¢ al.(3). 
At the close of the experiment, the chicks 
were sacrificed; the liver and a portion of the 
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jejunum were removed for xanthine dehydro- 


: Agia 
g Paes genase determinations according to the pro- 
Ze 2 a i cedure of Remy et al.(7). Homogenate nitro- 
a SSeS gen was determined by microKjeldahl accord- 
2 BES Ve ee 3.2 ws ing to the method recommended by A.O.A.C. 
é EI 2B 4 © 5 33 Ss ets E SSE (8). Blood was collected by heart puncture 
a Ser a aay cee 2O'S prior to sacrificing the birds. The left tibia 
A baba: 2 S = 3 from each sacrificed bird was severed and re- 
2a pe Saag tained for bone ash and molybdenum deter- 
B E33 ay ce Pees gag B minations. All samples for molybdenum de- 
» Se eS Saseeet Be an termination were digested with conc. HNOs, 
S g BOS s = a H2SO, and 70% HClO, according to the 
FI 25 Sask method described by Piper(9) and molyb- 
3 #5 e. 4 Ba denum content of the digest determined ac- 
< Sees! reese cording to the method of Purvis and Peter- 
3 soz =x8 son(10) using ethyl ether as extraction sol- 
2 a QS vent. Molybdenum was removed from the 
= 8] Rocccas at aes ash of distillers dried solubles by digestion 
a Sl laa aeksc! Seas with HNO; and HCI1O,, followed by ether 
Z SE ier Stet extraction of the NH,SCN-molybdenum com- 
Sel 8 pe aoe Sanaa os ie & plex produced in the digest with NH ySCN 
Faia = a? Be and SnCl,. Extraction of the complex was 
ae ea ce a ee Z =e a eee until oh + concentration of 
EE Br tS OAc tried ms rans oe molybdenum in the ether extract was deter- 
ee eee Te te eee eee 2 mined colorimetrically and found to corre- 
S - = i es & spond to the molybdenum concentration pre- 
Atal Ome ce eed ort ee B viously found in 5 replicate samples (18.74 
aei = SQ|AaARAAaS £ 2 b= ppm). The residue was evaporated to dry- 
Salle. Pg ete oo. aie SEE Dy ness, taken up in redistilled water and neu- 
E =|| > Be . . = s ie iS g a100 | "5 Z 5 8 tralized with NH,OH. All supplements were 
: : % = Z = added at the expense of glucose.+ The dura- 
= ss 32 S24, tion of the experiment was three weeks. 
e Seal ieee ne vas S 5 Results. Addition of either distillers dried 
ra seea(iaaiiss § be Eqs solubles, sodium molybdate (0.03 or 0.3 ppm 
3 ge 2 : ge et Mo) or a mixture of 5 unidentified nutrient 
s eee = SE a 2 sources to the basal diet resulted in a signifi- 
= ee Sear cant growth increase compared to that ob- 
= iS I = f et les 2 ag served in the control group (Table I). The 
E 2 7 3 2 5s a BuSse growth response due to the ash of distillers 
5 3 pe aS si ret en dried solubles (9.176) was one-half that ob- 
: s| Bass § Beas served with distillers dried solubles (18.8%). 
: 2 Se 3 2 Sm eb These data are in agreement with previous 
3 g a aye i Ase oS Ae reports(5,6). However, the response of the 
2 of ous +8 Fa ae g : = group fed this ash sample was not sufficiently 
: 2 5 x 2 E : 2 % a : : ae a ed to be statistically significant. Removal 
& E55; i of molybdenum from the ash resulted in a 
piers 1.1% growth depression as compared to the 
e Bee basal group. 
3 Z 5 2b With the exception of the ash of distillers 
= 3 co: e t Cerelose.® 
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TABLE IT. Effect of Ash of Distillers Dried Solubles, after Removal of Molybdenum, on In- 
testine and Liver Xanthine Dehydrogenase Activity of Chicks as Compared to Other Sources of 
Dietary Molybdenum. 


Xanthine dehydrogenase activity, { 
emmo,/20 min, 


Mo content Intestine, Liver ~ 
ot diet per 283mg per 283 mg 
Supplement to basal diet (ppm) (wet wt) (wet wt) permg of N 
None 1.169 22.9 100.4 7.95 
39% distillers dried solubles iL eal 34.4tt 120.2t} 8.92tt 
Distillers dried solubles ash* 1.21 30.7 tt 101.4 8.11 
Idem,* (molybdenum removed) 1.16|| 25.0 96.9 7.53 
Sodium molybdate, 0.03 ppm Mot 9 31.8t t 128.4t¢ 10.02¢¢ 
a , 0.38 ppm Mot 1.46 37.0¢¢ 137.44 ¢ 10.53¢¢ 
UnG. Ee mixture Isyil OE aE BY sae 10.01+¢4 
VES 3 DE 0 205 8.0 11.6 89 
adel ONO 10.6 15.4 118 


*_\| See Table I. 


f A 1:6 dilution of tissue homogenate was used in these studies. 


dried solubles, all supplements which supplied 
at least 0.03 ppm of molybdenum above that 
found in the basal diet exerted a significant 
growth response. This was not unexpected in 
view of the previously reported growth in- 
creases when only 0.0126 ppm of molyb- 
denum as molybdic acid was added to the 
basal diet(3). These data would indicate 
that the chick can utilize higher levels of 
molybdenum for optimum growth. However, 
addition of higher molybdenum levels (0.3 
and 0.35 ppm) from either organic or inor- 
ganic sources, did not result in increased 
growth above that observed with the lower 
supplemented levels (0.03-0.05 ppm). 

Slight differences in bone ash values found 
in the groups fed the supplements were not 
statistically significant (Table I). However, 
further investigations are warranted in view 
of the work of Morrison e¢ al.(11) in which 
elevated bone ash values resulted in birds fed 
a purified diet supplemented with the ash of 
a mixture of unidentified factor sources. 

Molybdenum contents of the tissues 
studied indicate that low levels of molyb- 
denum supplied either by distillers dried sol- 
ubles, the intact ash of the supplement or by 
sodium molybdate did not significantly affect 
the molybdenum concentration of bone ash 
or whole blood; but did affect the molyb- 
denum concentration of liver (Table I). The 
addition of 0.3 ppm of molybdenum as so- 
dium molybdate to the basal diet increased 
molybdenum deposition in the tissues studied. 


Since bone ash and blood samples were pooled 
for the molybdenum determinations, the dif- 
ferences found are not considered to be sig- 
nificant. 

The livers of chicks fed the molybdenum 
free ash exhibited the lowest liver molyb- 
denum concentration; whereas, the group fed 
the untreated ash showed a significant (P< 
0.01) increase in molybdenum deposition 
over the basal group (Table I). The ash of 
distillers dried solubles supplied 0.05 ppm of 
molybdenum to the diet which was equal to 
that supplied by the unashed material; how- 
ever, untreated distillers dried solubles failed 
to affect the level of molybdenum in liver. 
Livers of chicks fed 0.3 ppm of molybdenum 
as sodium molybdate showed the highest con- 
centration of the element (P<0.01). The 
liver molybdenum deposition in this group 
was significantly higher than that observed 
in the group fed the mixture of unidentified 
growth factors which supplied 0.35 ppm of 
molybdenum. 

Liver and intestine xanthine dehydrogenase 
activity were significantly increased by the 
added molybdenum sources (Table II). The 
treated ash (molybdenum removed) failed to 
increase the enzyme activity either in intes- 
tine or liver above that observed in the basal 
group. The enzyme activity of the group 
fed the intact ash exhibited a significant re- 
sponse (P<0.05, Table II), in intestinal xan- 
thine dehydrogenase, but failed to increase 
the liver enzyme activity. Rat intestine was 
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found by Westerfeld and Richert(2) to be a 
better test object than liver tissue for the un- 
identified liver residue factor. This may help 
to explain the difference in response observed 
with the 2 tissues on the same treatment. 

No significant differences between intes- 
tinal enzyme activity of the dietary treat- 
ments other than the control group were 
noted. Since the supplements supplied vary- 
ing levels of molybdenum (0.05-0.35 ppm), 
it was assumed that a saturation level has 
been reached similar to that observed in the 
rat(12). 

The response of liver xanthine dehydroge- 
nase activity to the added supplements was 
less consistent than that observed in intestinal 
homogenates. The liver enzyme activities of 
the groups fed the higher level of sodium 
molybdate (0.30 ppm) and the U.G.F. mix- 
ture (added Mo 0.35 ppm) were significantly 
higher (P<0.01) than the activity noted in 
the livers of birds fed distillers dried solubles 
supplying 0.05 ppm of molybdenum. When 
xanthine dehydrogenase activity was ex- 
pressed on a nitrogen basis the differences ob- 
served above were quantitatively less, but 
still statistically significant (P<0.05). 

The ratio of enzyme activity to liver 
molybdenum content was more erratic than 
that reported in turkey poults(4). However, 
a correlation of 0.617 (P<0.05) was found 
to exist between the results of the two deter- 
minations. 

Summary. 1) Growth of chicks was sig- 
nificantly improved by the addition of dis- 
tillers dried solubles, sodium molybdate or a 
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mixture of unidentified factor sources. Re- 
moval of the molybdenum from the ash of 
distillers dried solubles resulted in the same 
growth rate exhibited by the control group. 
The ash of this product produced a 9.1% in- 
crease in growth; which was not quite sig- 
nificant. 2) Bone ash values were not af- 
fected by the dietary treatments. Intestinal 
xanthine dehydrogenase activities were sig- 
nificantly increased in all cases except the 
‘“molybdenum-free” distillers dried solubles 
ash-fed group. 
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Cold-Pressor Responses in Families of Rabbits with Spontaneous 


Hypertension.* 


(23220) 


NATALIE ALEXANDER, WILLIAM J. Tippst anp Doucras R. Drury 
Department of Physiology, School of Medicine, University of Southern California, Los Angeles. 


For the past 5 years we have bred rabbits 
with spontaneous hypertension(1). A high 
percentage of their progeny inherit the hy- 


* This investigation was supported by research 
grants from Am. Heart Assn. and Life Insurance 
Medical Research Fund. 


pertension(2). We recently began raising 
families of control rabbits under the same 
conditions as those of the spontaneously hy- 


+ In part derived from thesis to Univ. of S. Cali- 
fornia Graduate School in partial fulfillment of re- 
quirements for the M.S. in Physiology. 
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pertensive group. Controls are offspring of 
rabbits chosen at random from normotensive 
laboratory stock. They are from the same 
strains that show spontaneous hypertension— 
New Zealand and Dutch. 

We set out to see whether spontaneously 
hypertensive rabbit families differed from 
normotensive laboratory stock in their blood 
pressure response to cold stimulation. Hines 
and Brown developed a cold-pressor test in 
humans to evaluate what they term vascular 
reactivity(3), and we adapted this test for 
rabbits in the present study. Hines and 
Brown showed that persons with hyperten- 
sion or normotensives with a family history 
of hypertension tend to have a greater blood 
pressure response to the cold-pressor test than 
persons with no personal or family history of 
hypertension(4). Progeny of the spontane- 
ously hypertensive rabbits used in this study 
will be referred to as “selected” animals and 
controls as “unselected”? animals. 

Methods. Cold-pressor test. Results from 
cold-pressor tests are meaningful only if the 
conditions, 7.e., stimulus and environment, of 
the tests are identical(3,5). Our procedures 
were standardized and all conditions rigidly 
controlled. Further, to insure that the re- 
sponse would be solely to the stimulus applied, 
the animals were sedated with pentobarbital 
(Nembutal—Abbot Vet) 15 mg/kg. Cuff 
method. The abdominal cuff method of Mc- 
Gregor(6) is used routinely to determine ar- 
terial blood pressures in our colony of rabbits 
(2) and was used in the first series of cold- 
pressor tests. Experience with the cuff meth- 
od has shown that diastolic pressure probably 
cannot be determined with an accuracy 
greater than +10 mm Hg, but systolic pres- 
sure may be obtained with an accuracy of +4 
mm Hg. Therefore, only systolic pressures 
are reported from these tests. After a set of 
control blood pressure readings was obtained, 
the sedating dose of pentobarbital was in- 
jected into the marginal ear vein. Blood pres- 
sure fell immediately, then gradually rose and 
stabilized within 27 to 45 minutes. This 
stable pressure under sedation will subse- 
quently be referred to as the basal pressure. 
At this time animals were relaxed, had nor- 
mal pupils and a corneal reflex. If handled 
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gently the sedated animals offered no resis- 
tance, and ordinary laboratory sounds did not 
evoke any response. When the basal condi- 
tion had been achieved, the ears were com- 
pletely immersed in a beaker of ice water (2° 
to 4°C) for exactly 60 seconds. Systolic and 
diastolic pressures were determined every 10 
to 15 seconds during the “cold minute” and 
for 2 minutes after the ice water was removed. 
Intra-arterial method. In a second, smaller 
series of cold-pressor tests, femoral arterial 
pressure was recorded with a #24 needle con- 
nected to a Statham P-23A pressure trans- 
ducer. Oscillographic records were made at 
a film speed of 0.4 inch/second. The femoral 
artery was exposed after subcutaneous infu- 
sion of 1% procaine; the recording needle was 
inserted 30 to 35 minutes after Nembutal in- 
jection. Pressure recorded 10 to 30 seconds 
before immersing the ears in ice water was 
considered the basal pressure (see above). 
The needle remained in the artery through- 
out the “cold minute” and for 2 minutes 
afterwards. Both systolic and diastolic pres- 
sures were measured to within +2 or 3 mm 
Hg, and both pressures are reported. Cal- 
culation of response to cold-pressor test. The 
value for maximum systolic or diastolic pres- 
sure response obtained from an intra-arterial 
record was the difference between the highest 
pulse (or pulses) of the basal pressure and 
highest one(s) recorded during the “cold min- 
ute.” The time at which the highest pressure 
first occurred during the ‘‘cold minute” was 
not necessarily the same for systolic and dias- 
tolic pressure. Maximum response was ob- 
tained during the “cold minute” in 35 of 40 
tests by the intra-arterial method. Since only 
5 maximum responses occurred after the 
“cold minute” (longest time was 115 seconds 
from time of ear immersion), we felt justified 
in disregarding these and based all results on 
the maximum response during the “cold min- 
ute.” Since pressure determinations by the 
cuff method were intermittent (every 10 to 15 
seconds), maximum responses obtained be- 
yond the “cold minute” were included in the 
results. (The longest time to a maximum re- 
sponse was 103 seconds after immersion of 
ears.) 


Results. The cuff method was used on 56 
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TABLE I. Maximum Systolic and Diastolic Responses to Cold-Pressor Test, Recorded by Intra- 
Arterial or Abdominal Cuff Method, in Unseleeted and Selected Rabbits. 
Fa ee a cede ee ee 
EEE 
Max. systolic response Max. diastolic response 


Avg time to Avg time to 


Mean (mm Hg) max.resp. Mean (mm Hg) max. resp. 
No. trials and 8.D. (sec. ) and §.D. (sec. ) 

Intra-arterial method 

Unselected 23, 8.4 + 4.1 3 7.0 2 47 44 

Selected 17 16.5 += 8.9 39 13.4 + 6.6 38 
Cuff method 

Unselected 26 8.7 + 4.9 40 

Selected 108 14.8 + 6.2 38 


Caleulation of Fisher’s ‘‘t’’? values showed that the means of maximum systolic responses 
for unselected and selected rabbits by both abdominal cuff and intra-arterial methods are ‘‘very 
significantly different’? (p = <.001), and the means of maximum diastolic response by intra- 


arterial method are ‘‘significantly different’? (p = <.01). 


selected and 15 unselected rabbits. Two tests 
were carried out on most animals | to 6 days 
apart, and the results compiled from all the 
determinations. If an animal struggled dur- 
ing the test, the results were discarded. A 
total of 108 tests on selected, and 26 on un- 
selected, were successful. For the intra-ar- 
terial method, 15 selected and 15 unselected 
rabbits were used. Most of the unselected 
animals were tested 2 times and some 3, but 
only 23 tests were considered satisfactory. 
The others were discarded because the re- 
corded pulse wave was damped. Only 2 re- 
peats were successful in the selected group 
giving a total of 17 tests. Some of the ani- 
mals were used for both cuff and intra-arterial 
tests. 

The averages and p-values for maximum 
pressure responses and time (seconds) to 
maximum response are given in Table I for 
both intra-arterial and cuff tests. Selected 
rabbits had “significantly” higher mean maxi- 
mum pressure responses than unselected rab- 
bits in both series of tests. Although values 
overlapped, some selected animals had maxi- 
mum responses above the highest ones in the 


unselected group. 

Table II shows that selected animals had a 
greater average maximum systolic response 
than unselected rabbits at any given basal 
pressure range. Additionally, it can be seen 
that there was no correlation between maxi- 
mum systolic response and the basal systolic 
pressure for either group. The same was true 
in repeat tests on single animals. For ex- 
ample, a cold-pressor test was repeated by 
the cuff method 3 times at 5 minute intervals 
in an unselected rabbit. The systolic re- 
sponses were 6, 4, and 5 mm Hg with basal 
pressures of 130, 123, and 116 mm Hg, re- 
spectively. 

In a group of 5 rabbits, 2 or 3 cold-pressor 
tests were repeated at 5 to 15 minute inter- 
vals. The magnitude of response to each 
test by a single animal was similar, not dif- 
fering by more than 6, and usually by only 
1 or 2,mm Hg. On the other hand, the mag- 
nitude of response to tests made from 1 to 6 
days apart was not necessarily the same in a 
given animal, differing by as much as 30 mm 
Hg. 

The cold-pressor responses of 5 selected 


TABLE IT. Average Maximum Systolic Pressure Response of Selected and Unselected Rabbits 
with the Same Basal Systolic Pressures—Intra-Arterial Method. 


Basal systolic pressure* (mm Hg) 


~ 


91-100 101-110 111-120 121-130 131-140 151-160 
Unselected 10 (1)t 7 (5) 8.5 (6) 7.5 (6) 9.5 (5) 
Selected 24 (1) 13 (3) 16187) 16 (3) 15 (2) 29 (1) 


tively. 
+ No. of animals. 


“ Avg basal pressure for selected and unselected groups was 120 and 119 mm Hg, respee- 
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animals with consistently high? systolic pres- 
sures were compared to those of 5 selected 
animals with consistenly low’ systolic pres- 
sures. There was no apparent relationship 
between these levels of blood pressure and 
the magnitude of response to the test. 

Discussion. We previously pointed out cer- 
tain cardiovascular characteristics of spon- 
taneously hypertensive rabbits similar to 
those found in human essential hypertension 
(2). The most obvious similarities are ele- 
vation and lability of systolic and diastolic 
pressures. In the present study another 
cardiovascular characteristic of human _ es- 
sential hypertension was demonstrated by 
progeny of rabbits with spontaneous hyper- 
tension, viz., as a group they showed a “sig- 
nificantly greater” average blood pressure re- 
sponse to the cold-pressor test than rabbits 
from normotensive families. 

The intra-arterial records showed that 
maximum variation in heart rate during the 
cold-pressor test was only 5% of the basal 
rate. Thus, the mechanism for large pressure 
responses in selected rabbits was probably 
not attributable to changes in cardiac output. 

The selected animals sometimes responded 
with pressure increases 2 to 3 times those of 
the unselected group. This difference in re- 
sponsiveness to the cold-pressor test was not 
correlated with a higher starting or basal level 


as determined by routine cuff 
or 3 times a 
4 month from age 3 or 4 
| months. Ages of animals at 
ranged from 7 


¢ > 150 mm Hg | measurements 2 
§ < 130 mm Hg 
| time of tests 
| to 10 months. 
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of pressure (Table II) in selected animals, 
but rather it seems to be a characteristic of 
the animal. Further evidence that an in- 
creased cold-pressor response in selected ani- 
mals is a characteristic of these rabbits and 
not dependent on the presence of elevated 
pressure is that those with consistently nor- 
mal pressures showed greater blood pressure 
increases than did unselected normotensive 
rabbits. 

Summary. (1) Blood pressure responses to 
cold-pressor test were studied in progeny of 
spontaneously hypertensive rabbits. These 
animals were both hypertensive and normo- 
tensive. Controls were offspring of rabbits 
chosen from normotensive laboratory stock. 
(2) Average maximum blood pressure re- 
sponse to cold stimulation of progeny of spon- 
taneously hypertensive rabbits was quantita- 
tively greater than in the control group. This 
difference in responsiveness was not attrib- 
utable to difference in basal (starting) pres- 
sure. (3) It is concluded that increased pres- 
sure response to cold is a characteristic of 
progeny of spontaneously hypertensive rab- 
bits. 
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Effect of Small Measured Doses of Radiation on Lymphocyte Morphology 


in Man. 


R. Lowry Dosson AND Mary M. CHuppP 


(23221) 


(Introduced by J. H. Lawrence) 


Donner Laboratory of Medical Physics and Biophysics, and Radiation Laboratory, 
University of California, Berkeley. 


Ingram and Barnes(1) reported an in- 
creased incidence of bilobed and binucleated 
lymphocytes in the circulating blood of cy- 
clotron workers. When these observations 
came to our attention a program was initiated 
at this laboratory to investigate the phenome- 
non on a quantitative basis. A study was 
carried out that same year on 5 groups of lab- 
oratory personnel comprising 34 persons(2). 
The results suggested an increase in incidence 
of binucleated lymphocytes in individuals ex- 
posed intermittently or chronically to radia- 
tion at levels below 300 mr per week. Ani- 
mals given doses of x- and y-rays from 2 to 
75 r have also shown this response(3,4,5). 
Ingram e¢ al.(6) presented additional data on 
the original group of cyclotron workers, and 
demonstrated a decrease in abnormal lympho- 
cytes following shielding of the accelerator. 

Presented here are results of a study of the 
binucleated lymphocyte response in normal 
individuals chronically exposed to low doses 
of ionizing radiation, predominantly x- and 
y-Tays. 

Methods. The incidence of binucleated 
lymphocytes in the peripheral blood of 8 ac- 
celerator operators was determined within a 
few hours to a few days after exposures of 80 
to 200 mr. Comparison was made with the 
incidence in a closely matched control group 
of 7 persons receiving no known radiation 
exposure above background levels. Intermit- 
tent and chronic exposures to x- and y-rays 
were measured with electroscopes and film 
badges. These values were checked with in- 
dependent measurements of radiation fields in 
work areas. The average exposure level of 
the accelerator operators during the year prior 
to sampling was 110 mr per week. During 
the week prior to and including the taking of 
blood samples the average for the group was 
190 mr. The neutron fields to which these 
persons were exposed were low in comparison. 
In the one instance where neutrons could be 


considered to have contributed significantly 
to the total exposure the individual received 
on the average only 13% of the maximum 
permissible weekly neutron dose. The other 
individuals in the group received considerably 
lower neutron exposures, of the order of 3% 
to 6% of the maximum permissible weekly 
exposure. Measurements were made by com- 
paring track counts in the emulsion of neu- 
tron film badges to emulsions exposed to a 
standard Po-Be source. The maximum per- 
missible weekly dose was taken as 4.3 x 10° 
Po-Be neutrons per square centimeter. Using 
a relative biological effectiveness of 10 this 
represents a dose of 300 mrem per week. 

Results. The lymphocyte data presented 
in Fig. 1 represent the counting of more than 
one million white blood cells. An average of 
58,000 cells per person was examined in the 
exposed group, an average of 77,000 cells per 
person in the control group. Counts were made 
from stained blood smears. At least 5 individ- 
ual counts were taken from each person at va- 
rious times of day and totaled. Only binucle- 
ated lymphocytes with 2 completely separate 
nuclei or with 2 non-overlapping nuclei con- 
nected by a thin hair-like filament were re- 
corded. Cells not meeting these criteria and 
lymphocytes with bilobed nuclei were not con- 
sidered in this study. In order to avoid pos- 
sible artifactual changes, concentration meth- 
ods and anticoagulants were not used. 

It is apparent that the incidence of binu- 
cleated lymphocytes is low, and that more of 
these cells were seen in the exposed individ- 
uals than in the controls. The mean in the 
exposed group was 5.9 per 50,000 white blood 
cells with a range of 3.4 to 7.6; it was 1.4 per 
50,000 in the control group with a range of 
0.4 to 2.5. The difference is highly signifi- 
cant by statistical tests. 

In an attempt to explore the pattern of this 
lymphocyte response to individual and cumu- 
lative exposures, several persons were studied 
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FIG. 1. Incidence of binucleated lymphocytes in 

peripheral blood of 7 normal unexposed individuals 

and of 8 normal persons exposed to levels of ionizing 
radiation of the order of 200 mr per week. 


over periods of many months. On one of 
these persons 17 counts, each consisting of at 
least 5 hourly samples were taken during a 
90-day period shortly after he began working 
with radiation. These data from the count- 
ing of 936,000 white blood cells are of inter- 
est because his average radiation exposure was 
239 mr per week; and during this period he 
received 4 individual daily exposures exceed- 
ing 200 mr. While the first 2 counts showed 
only 1.5 and O binucleated lymphocytes per 
50,000 white cells respectively, the incidence 
during the rest of the interval fluctuated 
about a mean of 6 per 50,000. In general 
larger numbers were seen several days after 
exposures to 200 mr or more. Daily counts 
were taken frequently during a 10-day pe- 
riod following a single dose of 264 mr on the 
eightieth day. Forty-eight hours after this 
exposure the incidence of binucleated lympho- 
cytes was 15 per 50,000 white blood cells; 10 
days after exposure it was 17 per 50,000; the 
average daily count between these 2 times 
was 3.5 per 50,000. It does not appear pos- 
sible at this time to adequately relate a pat- 
tern of the binucleated lymphocyte response 
to individual radiation doses; however, such 
a relationship is suggested by these observa- 
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tions and is currently under study. 


Discussion. Binucleated lymphocytes oc- 
cur in small numbers in the peripheral blood 
of normal individuals. High numbers have 
been seen in patients with lymphatic leuke- 
mia; they may be elevated in hepatitis, and 
probably in other abnormal conditions. The 
data reported here were obtained from per- 
sons in good health. Physical findings, lab- 
oratory data and medical histories were re- 
viewed in each case. It must nevertheless be 
borne in mind that this response is not spe- 
cific to ionizing radiation. Murphy and 
Sturm(7) described seeing large numbers of 
these cells in the blood of animals after heat 
treatments. The possible relationship of 
these cells to the “stress lymphocytes” of 
Frank and Dougherty(8) is being investi- 
gated. 

Summary. In the study reported here a 
significant increase in incidence of binucle- 
ated lymphocytes is demonstrated in persons 
exposed to ionizing radiation at levels of the 
order of 200 mr per week. 
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Metabolism of 1-Thyroxine and 1-3:5:3’-Triiodothyronine by Homogenates 
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(Introduced by C. J. Shellabarger ) 


Division of Clinical Investigation, Sloan-Kettering Institute for Cancer Research, New York City. 


It has been shown recently(1) that tissue 
slices and homogenates of rat brain can deio- 
dinate and possibly deaminate 1|-thyroxine 
and 1-3:5:3’-triiodothyronine. | Comparative 
studies using rat liver and kidney proved 
technically difficult because incubation of thy- 
roxine and triiodothyronine with either slices 
or homogenates of these 2 tissues produced 
between 4 and 7 different iodinated metabo- 
lites. Most of these products were not formed 
by brain preparations, in which the iodin- 
ated metabolites were mainly inorganic iodide 
and what appeared to be the deaminated ana- 
logues of thyroxine and triiodothyronine. Sub- 
sequently it was found that the metabolites 
produced from homogenates of muscle re- 
sembled, to some extent, those produced by 
brain homogenates. These observations are 
described in the present report. 

Methods. About 2-3 g of skeletal muscle 
were removed from each hind leg of unanaes- 
thetized, decapitated male or female rats (75- 
150 g). Muscle was rapidly chilled in ice, 
trimmed and cut into fragments of approxi- 
mately 100 mg. The tissue was then homo- 
genized in a Waring blendor run at 65-75 V 
for 3 minutes.+ For incubation studies a con- 
centration of 1 g of muscle per 15 ml of sus- 
pension medium was used. Radioactive 
(1181) 1-thyroxineS and 1-3:5:3’-triiodothy- 
ronine’ were used for incubation with homo- 
genates. Incubation time ranged from 15 
minutes to 6 hours. Substrate levels between 
10°M and 2 x 10°M were obtained by addi- 


* This work was supported by research grant from 
the N.I.H., from Amer. Cancer Society and by U. S. 
Atomic Energy Commission. 

+ Present address Nat. Inst. for Medical Research, 
Mill Hill, London, N.W.7, England. 

{Most of the connective tissue which collects 
around the blades of the blendor was removed after 
one min. Homogenization was then continued for 
an additional 2 min. 

§ Obtained from Abbott Laboratories, Oak Ridge, 
Tenn. 


tion of non-radioactive thyroxine and _trilo- 
dothyronine when necessary. After incuba- 
tion each sample was chromatographed di- 
rectly on paper to determine the amount of 
I'*1 remaining as unchanged substrate, as 
well as the amount of each of the metabolites. 
Comparative studies were simultaneously 
done on brain homogenates from the same ani- 
mals. Analytical procedures, the composition 
of the suspension medium, conditions of incu- 
bation and control experiments were the same 
as those previously reported for rat cerebral 
tissue(1). 

Results. Since anaerobic conditions failed 
to show any significant difference, only results 
of incubation under aerobic conditions are re- 
ported. The rates of disappearance of thy- 
roxine and triiodothyronine at different sub- 
strate levels are shown in Fig. 1. The data 
here have been expressed as percentage of the 
total homogenate radioiodine remaining after 
incubation as either thyroxine or triiodothy- 
ronine. Simultaneous studies with brain 
homogenates were similar to those reported 
previously(1) and are not repeated here. 


The disappearance of radioactive thyroxine 
and triiodothyronine from muscle homoge- 
nates was most rapid during the first 2 hours 
of incubation. At roughly the same substrate 
levels rates of disappearance were substan- 
tially faster with muscle homogenates than 
those obtained with homogenates of brain per 
g of tissue. For example, brain suspension 
was almost inactive on thyroxine and triio- 
dothyronine at a concentration of about 10 
M, while similar muscle suspension (1 g tis- 
sue/15 ml medium) metabolized approxi- 
mately 60% of thyroxine and 35% of the 
triiodothyronine within 3 hours of incubation. 
This difference might indicate a higher con- 
centration, in muscle, of the enzyme(s) in- 
volved in the metabolism of the 2 hormones. 
In both muscle and brain homogenates thy- 
roxine was degraded more rapidly than tri- 
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L-3:5:3- TRIIODOTHYRONINE 
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OF INCUBATION 
Rates of degradation of I’*'-labelled ]-thyroxine and 1-3:5:3’-triiodothyronine incubated 


with rat muscle homcgenate at different substrate concentrations. Values given represent percentage 
of total I’** in homogenates found as unchanged substrate at different time intervals. c = control 
incubation with boiled tissue. 


iodothyronine. An explanation for this dif- 
ference is not apparent. 

Chromatographic analysis of the iodinated 
products obtained after incubation of labelled 
thyroxine and triiodothyronine with muscle 
and brain homogenates is shown in Table I. 

The major I'*!-labelled metabolite in all 
cases|| was inorganic iodide. In the case of 
muscle homogenates, inorganic iodide ap- 
peared to be the main labelled metabolite 
from thyroxine or triiodothyronine since, in 
all studies, at least 90% of the I'*! of the 
product formed was found in this fraction. 
As much as 10-15% of the total I'*' was 
found as their acetic and/or propionic acid 
analogues (it was not possible to distinguish 
chromatographically between the acetic and 
propionic acid analogues of the 2 hormones) 
within 1-2 hours of incubation with brain 
homogenates. Using muscle homogenates, 
however, it was not possible to obtain suf- 


| In considering the qualitative analysis of radio- 
iodinated metabolites, it should be emphasized that 
the iodine atoms in molecules of thyroxine and tri- 
iodothyronine used for this work were not uniform- 
ly labelled. 


ficient radioactivity to elute and re-chromato- 
graph any of the non-iodide fractions of the 
iodinated metabolites. 3:5:3’-Triiodothyro- 
acetic acid, identified in muscle of thyroidec- 
tomized rats injected with L-T; by Roche 
and co-workers(2) was not found to be pres- 
ent as a metabolite of incubation in this work. 

Both muscle and brain homogenates were 
inactivated by heating at 100°C for 20 min- 
utes. Treatment of brain preparations with 
10° M HegCly blocked all deiodination but 
did not interfere with conversion of thyroxine 
and triiodothyronine to other non-deiodinated 
products. In muscle preparation 10° M 
HgCl. blocked all deiodination but, as may 
be seen in Table I, since the non-deiodinated 
products represented such a small fraction of 
the total I'*! it was difficult to be certain of 
any effect on conversion of thyroxine and tri- 
iodothyronine to other products. 

The process of homogenization of the tissue 
is not responsible for deiodination or lack of 
deamination of ]-thyroxine and 1-3:5:3’-tri- 
iodothyronine since no significant qualitative 
difference was obtained by incubation with 
skeletal muscle fragments. 
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TABLE I. Breakdown of I*! Labelled 1-Thyroxine (T,) and 1-3:5:3'-Triiodothyronine (T3) 
by Rat Brain and Muscle Homogenates (1 g Tissue/15 ml Medium). 


1-3:5:3/-Triiodothyronine, 


1-Thyroxine, 2 x 10°M Sia, IO AY 
Hr incu- % total I distributed as* % total I'** distributed as* 
Tissue bation Aly, Ie Or. Otherst cS ie Or. Otherst 
: 5 57 0 76.6 aii 1.4 
Musele a) Oeil 40.4 13 + 76.6 22.7 + : 

rag i 34 5 63.5 2.0 69.0 29.0 2.0 
3 ices 79.1 3.6 56.6 32.4 1.0 

6 12.6 84.2 2.5 + 53.0 35.5 15 

Boiled muscle 6 86.1 12.0 + + 92.4 6.8 — 
Brain 1 68.7 15.9 + 14.8 80.1 9.2 = 10.3 
3 60.4 27.0 3.8 8.8 69.3 23.4 ed 4.6 

6 5 Bae 3.8 2.0 64.8 34.2 1.0 

Boiled brain 6 89.8 10.2 90.6 8.3 a. 


* + — Less than 1%; Or. = Fraction of I* 


immobile in chromatography. 


t In ease of the brain this group includes acetic acid and/or propionic acid analogues of T, 


and T;. 


Summary. From the present study it can 
be concluded that brain and muscle have cer- 
tain similarities as well as differences in the 
metabolism of thyroxine and_triiodothyro- 
nine. The deiodinating enzyme is present in 
both the tissues but the deaminating activity 
found in brain preparations is virtually absent 
in skeletal muscle. The nature of the en- 
zymes as well as other factors involved in the 
metabolism of these hormones require further 


clarification and are being studied. 


The author is grateful for a Visiting Research 
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Inhibitory Effects of Cortisone Acetate and Hydrocortisone on Growth of 
Fibroblasts.* (23223) 


MarcGarET HOLDEN AND LitiiaN B. ApAMs_ (Introduced by H. M. Rose) 


Department of Microbiology, College of Physicians 


Diverse evidence has been presented by sev- 
eral investigators concerning the direct action 
of cortisone acetate and 17-hydroxycorticos- 
terone on growth of fibroblasts in vitro. The 
technics have differed as to methods of cul- 
ture and application of the test agents(1-7). 

The purpose of the present work was to 
study the effect of cortisone and hydrocorti- 
sone on a single cell system. The results in- 
dicate that addition of these steroids to cul- 
tures of actively proliferating fibroblastic cells 


* This investigation was supported by research 
grant of the N.I.H., Public Health Service. 


and Surgeons, Columbia University, N. Y. City. 


inhibits their growth and induces develop- 
ment of abnormal cytologic changes. 


Materials and methods. The steroids, cor- 
tisone acetate and hydrocortisone (free al- 
cohol) were supplied through the courtesy of 
Dr. Frederick Heath, Merck & Co. Corti- 
sone was diluted in aqueous vehicle to con- 
tain 5 mg/ml and further diluted to desired 
strength with Earle’s balanced salt solution 
(8) prior to combining with the culture me- 
dia. Hydrocortisone was prepared according 
to the method of Grossfeld and Ragan(3). 
The original vehicle was removed from this 
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steroid and replaced by saline. To 1 ml of 
this suspension were added 1.25 ml of 95% 
ethyl alcohol and 0.75 ml of distilled water. 
A clear solution containing 8.33 mg/ml of 
hydrocortisone thus obtained was further di- 
luted with saline to proper concentration for 
use in the tests. Cholesterol suspended in 
saline was employed as a control in several 
experiments. Stock cultures of fibroblasts (L 
strain, Earle) (9) were grown on the surface 
of T-60 flasks in a nutrient mixture of horse 
serum (40%), embryo extract (20%), and 
Earle’s saline (40%). After 7 to 10 days of 
cultivation the cells were loosened from the 
glass surface by gentle shaking, suspended in 
0.025% trypsin solution at a pH 7.4 to 7.6, 
incubated at 37°C for 20 to 30 minutes to 
break .cellular clumps and occasionally agi- 
tated to obtain an uniform suspension of sin- 
gle cells.. Following centrifugation at 1000 
rpm for 10 minutes and removal of the super- 
natant trypsin solution, the cells were resus- 
pended in nutrient medium alone or in me- 
dium containing 10 ug/ml of cholesterol, cor- 
tisone or hydrocortisone. The cellular con- 
centration was measured by direct count in a 
hemocytometer. In earlier studies the cells 
were diluted in balanced salt solution con- 
taining neutral red but the vital dye was later 
discontinued, since -healthy-appearing cells 
were readily discernible without staining. 
Two and five-tenths milliliter aliquots of the 
suspensions were dispensed by an automatic 
syringe into wide mouth, flint glass, screw top 
bottles. Four bottles were set up for each 
combination of cells and reagents and incu- 
bated at 37°C. During the test period the 
nutrient medium, with or without steroids, 
was replaced every 2 or 3 days to maintain 
the cells. After 11 days the cells from the 
bottles of each combination were pooled, 
treated with trypsin, centrifuged, resuspended 
in saline and enumerated as before. Growth 
rates were studied in cultures containing 10, 
20, and 50 »g/ml of hydrocortisone. In these 
experiments the treated and untreated cells 
from 2 bottles of each combination were 
pooled and counted at 3- or 4-day intervals 
for 14 days. 

Cultures of fibroblasts derived from subcu- 
taneous areolar tissue of adult rats were used 
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ON GROWTH OF FIBROBLASTS 


260 -— CONTROL 


CHOLESTEROL 


CORTISONE 


Yy 


% INCREASE IN NO. OF CELLS 
N 
fe) 
I 


deseee, HYDRO- 
ore oe CORTISONE 
100 - se. : x 
80 F BERS 
60 oie ee 
40 ere ee 
20 feck 
0 ORO LONG 


GRAPH I. Retarding effect of 10 ug/ml of choles- 

terol, cortisone or hydrocortisone on mouse fibro- 

blasts grown for 11 days. The data from 9 experi- 
ments have been pooled. 


in a series of experiments designed to test 
effect of cortisone acetate and hydrocortisone 
on cell mitosis. The cultures were carried for 
15 days or longer in roller tubes and then 
transferred to Maximow slides(10). After 
5 days, when they were about to reach their 
maximal growth rate, they were exposed to 20 
ug/ml of the steroids in the feeding solution. 
In control cultures saline was substituted for 
the test agents. In these experiments the 
feeding solution was composed of human pla- 
cental serum (20%), beef serum ultrafiltrate 
(20%), embryo extract (20%), and saline 
(40%). At 4, 8, 12, 16, 20, and 44 hours, 2 
to 4 slides containing 6 to 12 explants were 
fixed in methyl alcohol and stained with Jen- 
ner Giemsa. An average of 2000 cells for 
each time interval and for each agent were 
counted, using a Howard ocular grating. The 
percentage of these cells in the 4 phases of 
mitosis was determined. 

Results. The data in Graph 1, compiled 
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GRAPH II. Curves illustrate retarding effect of 10, 

20 or 50 wg/ml of hydrocortisone on mouse fibro- 

blasts over a 14-day period. The data from 4 experi- 
ments have been pooled. 


from 9 experiments, show the average per- 
centage increase in number of cells over the 
original cell count in the control and steroid- 
treated cultures. The counts were made after 
11 days. In control cultures there was a 
253% increase in number of cells over the 
initial inoculum, whereas in cultures contain- 
ing 10 »g/ml of cholesterol, cortisone or hy- 
drocortisone, the percentage increase in num- 
ber of cells was 220%, 185%, and 106%, re- 
spectively. 

Having obtained evidence that hydrocor- 
tisone produced more inhibition than corti- 
sone acetate, the next experiments were car- 
ried out using only hydrocortisone. Three 
concentrations of hydrocortisone were studied. 
The percentage increase of cell count over 
the original count at intervals of 3 or 4 days 
is shown in Graph II, which represents the 
average results of 4 experiments. This graph 
indicates that all 3 concentrations of hydro- 
cortisone, 10, 20, and 50 pg/ml, produce a 
definite inhibiting effect on growth of fibro- 
blasts. The inhibitory effect is most notice- 
able within the first 7 days. Both 10 and 20 
pg/ml of hydrocortisone produce approxi- 
mately the same degree of inhibition of 
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growth. It may be observed that cultures 
containing 10 or 20 pg/ml of hydrocortisone 
produce about 50% fewer cells when compared 
to cell growth in control cultures. Fifty mi- 
crograms per ml are roughly. twice as inhibi- 
tory to growth as the lesser amounts of hy- 
drocortisone. 

To determine whether damage to the cells 
by the steroids was reversible, the treated 
cultures were transferred into medium with- 
out the addition of the test agents; complete 
recovery of the culture with growth equal to 
that of control cultures ensued. 

Typical changes in morphology were read- 
ily seen in unstained as well as in stained 
fresh preparations. Fig. 1 illustrates a fresh 
preparation of a normal control 10-day-old 
culture. The typically fibroblastic cells with 
the characteristic spindle-shape or, less fre- 
quently, with triangular shapes and long ter- 
minal processes may be seen. An occasional 
giant cell is present. In contrast, hydrocor- 
tisone-treated cells, Fig. 2, are less spindle- 
shaped and show definite shortening of their 
terminal processes; the cells appear swollen, 
transparent, flattened, and tend to cohere in 


FIG. 1. Fresh preparation of normal control mouse 

fibroblasts (L strain, Earle) from a 10-day culture. 

Characteristic spindle-shaped cells and an occasional 
giant cell can be seen. X 100, approximately. 
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FIG. 2. Fresh preparation of mouse fibroblasts 

grown for 10 days with 50 ug/ml of hydrocortisone. 

In comparison to Fig. 1, the cells are swollen and 

less spindle-shaped. More giant cells are present. 
X 100, approximately. 


sheets; some contain one single enormous nu- 
cleus, others 4 to 6 nuclei. Another constant 
effect of hydrocortisone on fibroblasts is the 
production of numerous cytoplasmic vacuoles 
(Fig. 3). These morphologic changes are 
present in cortisone acetate as well as in hy- 
drocortisone-treated cells and become more 
pronounced with increasing concentrations of 
the steroids. 

The reaction to the hormone was also no- 
ticeable following trypsinization. After 3 or 
more days’ growth in the media containing 
steroids, detached normal cells, seen in the 
counting chamber, were round and uniform 
in size, unlike steroid-treated cells which were 
large, ameboid and irregular in outline. 

Cortisone acetate and hydrocortisone in a 
concentration of 20 pg/ml did not arrest mi- 
tosis in any particular phase and there was 
no accumulation of one type of mitotic figure 
at any time during cultivation. In the 4 ex- 
periments carried out, there was no appre- 
ciable difference in mitotic index between the 
control and the steroid-treated cells. How- 
ever, it should be noted that in these experi- 
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ments the cells were rat fibroblasts and culti- 
vated in a plasma clot. 

Discussion. The experimental data indi- 
cate that hydrocortisone, and to a lesser de- 
gree cortisone acetate, inhibited growth of 
fibroblasts in tissue culture. Cholesterol 
caused minimal inhibition. The question 
arises whether the lesser effect of cortisone, 
as compared with hydrocortisone, might be 
due to the fact that cortisone (acetate) was 
in suspension and was inhomogeneously dis- 
tributed in the medium, whereas hydrocorti- 
sone was in solution. Grossfeld and Ragan 
(3) tested these steroids in hanging drop 
chick embryo cultures and found that inhibi- 
tion by hydrocortisone in suspension was 
greater than by cortisone acetate in suspen- 
sion. They believed this indicated that fac- 
tors other than water solubility make hydro- 
cortisone more effective than cortisone ace- 
tate. . 

The finding that the inhibitory effect on 
growth of fibroblasts was greater when the 
concentration of steroids was increased from 
10 or 20 to 50 pg/ml conforms with the ob- 
servation of Kaufman and his associates 
(2), who, using embryo chick heart tissue 
embedded in a plasma clot, observed inhibi- 


FIG. 3. A higher magnification of Fig. 2, illustrating 
cytoplasmic vacuoles. X 450. 
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tion of migration of fibroblasts with 10, 25, 
50, and 100 pg/ml quantities of cortisone 
(free alcohol) and hydrocortisone and con- 
cluded that amount of inhibition was directly 
related to concentration of the steroids. 

The formation of cytoplasmic vacuoles in 
fibroblasts grown together with cortisone or 
hydrocortisone has been observed by other 
workers. Paff and Stewart(7), who precipi- 
tated crystals of cortisone (free alcohol) by 
evaporation on coverslips before addition of 
nutrients and chick embryonic dermal frag- 
ments, reported that the first apparent reac- 
tion of the fibroblast to the hormone was for- 
mation of cytoplasmic vacuoles. Steen(1), 
using hanging drop cultures containing corti- 
sone acetate, also observed cytoplasmic vac- 
uoles in fibroblastic outgrowth from chick 
embryo heart. The presence of large fat 
vacuoles in an unusually early stage of growth 
was noted by Grossfeld and Ragan(3) in 
chick embryo cultures submitted to the action 
of soluble hydrocortisone. 

The failure of cortisone or hydrocortisone 
to influence the mitotic index of rat fibro- 
blasts or alter distribution of the 4 phases of 
mitosis accords with the work of Grossfeld 
and Ragan(3), who found no arrest of mi- 
tosis in any particular phase. 

Summary. 1) The effect of cortisone ace- 
tate and hydrocortisone (free alcohol) on 
growth of L strain mouse fibroblasts was 
studied. 2) Addition of 10 ng/ml of either 
steroid to the culture fluid, after 11 days of 
incubation, resulted in a decrease in total 
cell count when compared with counts in con- 
trol cultures. Hydrocortisone was the more 
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inhibitory agent. 3) The effect of 3 concen- 
trations of hydrocortisone (10, 20, and SO 
ug/ml) on growth of fibroblasts over a 14-day 
period was established. The most marked 
inhibitory effect was produced during the first 
7 days of culture. Fifty micrograms per ml 
were approximately twice as inhibitory as the 
lesser amounts of hydrocortisone. 4) Devia- 
tions from normal morphology of fibroblasts 
were seen in the steroid-treated cells. The 
cell processes were shortened, cells were 
swollen and flattened and tended to cohere in 
sheets. A great number of giant cells, often 
multinuclear or with nuclei irregularly shaped, 
were present. The cytoplasm contained many 
vacuoles. 


The authors are indebted to Dr. C. Andrew L. 


Bassett for the photomicrographs. 
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Phagocytosis of Periodate-Treated and Virus-Coated Red Blood Cells 
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Hemolytic anemia has been reported in 
virus diseases, such as infectious mononucle- 
sis, virus pneumonia, Coxsackie A infection, 


influenza A infection and measles (reviewed 
by Dacie(1)). Several viruses are known to 
be adsorbed to red blood cells, and cause irre- 
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versible changes in their membrane(2). It 
has been shown that treatment of red cells 
with virus may render them antigenic and ag- 
glutinable by normal and immune serum(3, 
4). Recently it was reported by Stewart, 
Petenyi and Rose(4) that canine erythrocytes 
treated with influenza virus had a shortened 
lifespan when infused into normal dogs. In 
some viral diseases, infectious mononucleosis, 
virus pneumonia and encephalitis due to po- 
liomyelitis virus(5,6) leucocytes containing 
red cells have been found in the peripheral 
blood. Mabry and co-workers(7,8) demon- 
strated that treatment of human and rabbit 
erythrocytes with influenza or Newcastle 
disease virus increased their susceptibility to 
phagocytosis by rabbit spleen macrophages in 
tissue culture in the presence of serum opsonic 
factors. 

The present study reports effect of influ- 
enza-virus treatment of human red cells on 
their subsequent susceptibility to phagocyto- 
sis by human white blood cells in vitro. 

Methods. Leucocyte suspension. 5 ml sam- 
ples of heparinized venous human blood were 
incubated at 37°C for 45 minutes in test 
tubes (100 * 13 mm) slanted at 45°, allow- 
ing the red cells to sediment. The superna- 
tants were pooled and transferred into a sili- 
conized (Dow Corning D.C. 200) test tube 
and centrifuged (1500 rpm for 30 seconds). 
The leucocyte sediment was washed twice 
with a 10-fold volume of phosphate-buffered 
saline (pH 7.2) and resuspended in the buf- 
fered saline to a concentration of about 1.5 « 
107 leucocytes per ml. The leucocyte suspen- 
sions were kept at room temperature and used 
within 3 hours of drawing of the blood. Red 
cell suspension. The sedimented red cells were 
washed twice with buffered saline and a 2% 
suspension prepared. Treatment of red cells 
with periodate. To 1 ml of a 2% red cell 
suspension was added 1 ml of a 0.01 M so- 
dium periodate solution in buffered saline. 
The mixture was kept at 4°C for 20 minutes 
and then 0.05 ml of 10% glucose was added 
to arrest the action of periodate. After 3 
minutes at room temperature the cell suspen- 
sion was centrifuged, the sediment washed 
with 2 ml buffered saline and resuspended in 
1 ml of this medium. Serum deficient in 
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periodate-agglutinin. Periodate-treated human 
red cells are agglutinated by compatible hu- 
man serum(9,10). The periodate agglutinin 
responsible for this phenomenon was removed 
from the serum by repeated adsorption at 4° 
C for 15 minutes with periodate-treated red 
cells at a final concentration of 2% (gener- 
ally 8 to 9 adsorptions were required). De- 
struction of virus receptors on red cells by 
receptor destroying enzyme (R.D.E.). Red 
cells were treated with R.D.E. according to 
Burnet and Stone(11). Virus. FMI] strain of 
influenza virus in form of infected allantoic 
fluid (50th-80th chicken embryo passage) or 
red cell eluate in buffered saline was used. 
The virus was concentrated and purified ac- 
cording to the method of Francis and Salk 
(12). The hemagglutinin titers of the sus- 
pensions were determined in serial dilution of 
1.5-fold steps with a 1% human O-red cell 
suspension. The virus suspensions were stored 
at 4°C as long as the titer did not change 
(not more than 5 days). Adsorption, elution 
and inactivation of the virus. For adsorption 
of the virus on the red cells, to be used in the 
phagocytosis experiments, a 2% suspension 
of red cells was incubated in the virus sus- 
pension for 20 minutes at 4°C. When de- 
sired, the virus suspension was eluted from 
the red cells as follows: the cells with the 
adsorbed virus were centrifuged in the cold, 
the supernatant was replaced with fresh phos- 
phate buffered saline and the suspension in- 
cubated for one hour at 37°C. Subsequently 
the cells were thrown down, the supernatant 
was discarded and the cells resuspended for 
phagocytosis. The supernatants were titrated 
for presence of hemagglutinins, to insure that 
adsorption and elution were successful. In- 
activation of the virus by heat was done by 
incubating the virus suspension for 30 min- 
utes at 56°C. Erythrophagocytosis experi- 
ment. One drop of the red cell suspension 
was mixed with one drop of the leucocyte 
suspension and one drop of serum on a watch 
glass. The mixture was incubated in a moist 
chamber at 37°C. Smears were prepared 
from the sedimented cells and stained with 
Giemsa. The results were expressed as ery- 
throphagocytic index, i.e. the percentage of 
granulocytes plus monocytes with at least one 
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red cell engulfed. A total of 500 granulo- 
cytes plus monocytes was examined in fields 
where clumping of white cells and of red cells 
was minimal. 

Results. Erythrophagocytosis of virus- 
treated red cells. Normal red cells or red 
cells onto which virus had been adsorbed, 
were not phagocytized by leucocytes in the 
presence of compatible (in regard to A, B 
agglutinin) serum, when incubated at 37°C 
for periods wp to one hour. Similarly red 
cells from which the virus had been eluted or 
red cells treated with receptor destroying en- 
zyme, were not phagocytized. In order to 
prevent elution of the virus from the red cells, 
during the phagocytosis experiment, three dif- 
ferent methods were used. a) Decreased tem- 
perature. No phagocytosis of virus-coated 
red cells occurred on incubation of the ery- 
throphagocytic system at 21°C for 20 min- 
utes; at this temperature and time the elution 
of virus was negligible. At 21°C leucocytes 
phagocytized red cells in the presence of in- 
compatible serum (erythrophagocytic index 
12%). b) Heat-inactivation of virus. Red 
cells coated with heat-inactivated virus were 
not phagocytized. c) Pretreatment of the red 
cells with periodate (Table I). Red cells 
treated with periodate were readily ingested 
in the presence of compatible whole serum; 
in some experiments the erythrophagocytic 
index reached 40%. It was found that for 
the phagocytosis of periodate-treated red cells, 
the presence of serum was essential. The 
periodate-treated red cells in the erythrophag- 
ocytic system showed marked agglutination. 
Further it was found that serum made defi- 
cient in periodate agglutinin had lost its op- 
sonic property for periodate-treated red cells. 
When serial dilutions of whole serum were 
made with either saline or serum deficient in 
periodate agglutinin, the agglutinating and 
opsonic activities disappeared at about the 
same dilution. 

Adsorption of virus on_periodate-treated 
red cells did not increase the erythrophago- 
cytic index in the presence of whole serum, 
over that of red cells treated with periodate 
only; actually a decrease of the erythro- 
phagocytic index was observed, probably due 
to massive clumping of the periodate-treated, 
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virus-coated red cells, occurring in the pres- 
ence of periodate agglutinin. However, in the 
absence of periodate agglutinin, coating with 
virus of the periodate-treated red cells in- 
duced marked erythrophagocytosis, while 
without virus periodate-treated red cells were 
ingested to a small extent only or not at all. 


Disappearance of the virus in the erythro- | 


phagocytic system. When red cells (not 
treated with periodate) onto which virus was 
adsorbed, were incubated with leucocytes and 
serum for periods up to one hour at 37°C, no 
virus could be detected in the supernatant of 
such a mixture, although during this period 
elution of the virus from red cells proceeded. 
The disappearance of the eluted virus could 
be due to its adsorption on the leucocytes or 
to phagocytosis. The experiments of Boand, 


Kempf and Hanson(13) point to the second | 


possibility. 

Discussion. The observations show that 
neither the presence of influenza virus nor 
destruction of viral receptors on the red cell 
was sufficient to induce erythrophagocytosis 
by white blood cells im vitro. However when 
adsorbed onto periodate-treated red cells, the 
virus had a marked erythrophagocytosis pro- 
moting effect, manifest in the absence of 
periodate agglutinin. In view of the experi- 
ments of Nelson(14) on phagocytosis of bac- 
teria adsorbed onto red cells, it seems quite 
feasible that in the erythrophagocytic system, 
containing reversibly adsorbed or heat-inacti- 
vated virus, the virus was phagocytized off 
the red cells. Nelson(15) had indeed sug- 
gested that virus adsorbed on red cells would 
be more readily phagocytized than virus free 
in suspension. It is possible that in the case 
of periodate-treated, virus-coated red cells, to 
which the virus is more firmly attached, the 
leucocytes try to engulf the virus, but cannot 
detach it from the red cells and ingest them 
both together. Final proof for such a mech- 
anism may be possibly furnished by electron 
microscopy. Another explanation may be that 
the periodate-treatment and the adsorption of 
virus damage the red cells to an extent that 
the phagocytes ingest them as foreign bodies. 

The role of specific antibodies in the phago- 
cytosis of virus-coated red cells has not been 
satisfactorily elucidated. In all sera tested 
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TABLE I. Phagocytosis of Periodate-Treated, Virus-Coated Red Cells by White Blood Cells 
In Vitro. 
aeaxnoereoeoeowoeoeoweoeyemoyqowqoyorosoaoao@ans@O@a@RowO9os eee: &« __ 


_ Supplemental treatment 


Erythrophagocytic index, % 


of periodated red cells Compatible serum Wygyp ah Megs. J8bg0), & 
None Whole 26 39 38 
Virus adsorbed at 4°C oe 19 30 20 
None Periodate-agglutinin deficient 0 3 d 
Virus adsorbed at 4°C Idem ila 20 21 


by us a certain amount of influenza antibod- 
ies (hemagglutination-inhibition) was present. 
When such antibodies were removed by ad- 
sorption with virus-coated red cells the phago- 
cytosis decreased. It was however subse- 
quently found that the antibody adsorption 
resulted in removal of complement, too. The 
relative role of specific antibodies and of com- 
plement in promoting erythrophagocytosis is 
still under investigation. 

The results obtained here with white blood 
cells differ from those obtained by Mabry 
and co-workers(7,8) with rabbit tissue macro- 
phages in tissue culture, as macrophages read- 
ily ingested red cells to which influenza virus 
was reversibly attached. Whether this dif- 
ference is due to the type of phagocyte or to 
the medium is not known. Nor is it known 
whether in the human body irreversible ad- 
sorption of virus to the red cell is required 
for the erythrophagocytosis observed in the 
peripheral blood in various diseases. 

Summary. The presence of influenza virus 
or destruction of viral receptors on human 
red blood cells did not induce erythrophago- 
cytosis by human white blood cells in presence 
of compatible serum in vitro. Influenza virus 
adsorbed onto periodate-treated red cells in- 
duced marked erythrophagocytosis in the 
presence of periodate-agglutinin deficient se- 
rum, while periodate-treated red cells without 


adsorbed virus were not phagocytized. 


The authors express their sincere thanks to Mrs. 
C. Aschheim for technical help. 
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Effect of Ornithosis on Experimental Fowl Malaria.* 
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In a large series of immunological experi- 
ments with ducklings, heightened resistance 
to P. lophurae infections was found to be as- 
sociated with mortality from an unknown 
cause. Ornithosis was isolated and identified 
as the cause of the unexpected mortality and 
as responsible for the heightened resistance 
to experimental malaria infections. The virus 
was isolated from lymph glands, spleens and 
from air sacs. The spleen was the most de- 
pendable source. The virus was identified as 
follows. It caused typical disease and histo- 
logical changes in ducklings with great regu- 
larity. Liver and spleen were enlarged due 
to great expansion of the reticulo-endothelial 
system. Fibrinous exudates were present in 
the pericardial sac and in the air sacs. Typi- 
cal organisms were always to be found in air 
sac membranes by the Machiavello stain. 
The virus would not pass a Seitz EK filter. 
Bacteriological studies in considerable detail 
disclosed no other organisms. Serological ex- 
amination of the blood of recovered ducklings 
was positive for ornithosis-psittacosis, but this 
evidence is weakened by the fact that the dis- 
ease was endemic in the laboratory flock. 
Finally, Dr. Karl Meyer was able to identify 
our organism as ornithosis. All this evidence, 
together with the unfailing infectiousness of 
standard preparations in young ducklings 
resulting in disease with typical gross and 
microscopic findings, makes it reasonable to 
accept the agent as that of ornithosis. 

Methods. The virus was kept in passage by 
intraperitoneal transfer of suspensions of in- 
fected spleen. For immunological experi- 
ments a Clear suspension was made from su- 
pernates of infected spleen suspensions by 
diluting with ice water and bubbling carbon 
dioxide through in the cold; the white pre- 
cipitate was removed and suspended in saline 
to form a colorless, water clear preparation 
suitable for intravenous use and for filtration 
experiments. Ordinarily 20 ml of this refined 


* Supported in part by grants from the U.S.P.HS. 


suspension represented the material from one 
infected spleen; usually 2 ml was enough 
when given intravenously to young ducklings 
to cause typical moderately severe disease in 
5-8 days. 


Results. Ornithosis infections of graded 
severity were produced in young (under 6 
days) ducklings by intravenous injections of 
the material described. Ten to 12 days later 
a challenge dose of 20 million living P. lo- 
phurae was given intravenously. Twelve ex- 
periments in which the original ornithosis in- 
fections were purposely severe are shown in 
resume in Table I. There is some mortality 
from ornithosis, but a very high resistance to 
malaria is also evident. Ten other experi- 
ments in which the original ornithosis infec- 
tions were purposely milder are shown in 
Table II. In this group none of the duck- 
lings died from ornithosis, but a high survival 
rate from malaria is again evident. 


The results appearing in Tables I and II 
exemplify many others very similar in nature 
secured in this laboratory from experiments 
in which infectious material from blood, 
lymph glands, air sacs, fibrin and liver was 
given by routes other than the intravenous 
one (subcutaneous, intramuscular, oral, in- 
traperitoneal). It is safe to say that if young 
ducklings are adequately infected with orni- 
thosis by any route 7 or more days before 
challenge they will exhibit greatly heightened 
resistance to malaria, and that this increased 
resistance is associated with evidence of the 
presence of ornithosis. Enlargement of spleen 


TABLE I. Young Ducklings Infected with Orni- 

thosis Virus and 12 Days Later Challenged with 

Malaria. Moderately severe ornithosis. Combined 
results of 12 experiments. 


Test Control 


No. of ducklings used 156 66 
surviving ornithosis infection 140 
- malaria challenge 135 6 
% a malaria challenge 96:07 Onl 
% Naving mild parasitemia 94 3 
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TABLE Il. Young Ducklings Infected with Orni- 
thosis Virus and 10 Days Later Challenged with 
Malaria. Mild ornithosis. Combined results of 10 

f experiments. 
as. == SS —————=== 
Test Control 


No. of ducklings used 130 52 
surviving ornithosis infection 130 
ie malaria challenge 126 4 
% s malaria challenge 97 7.7 
% having mild parasitemia 98 2 


and liver (due to ornithosis) is always present 


in resistant ducklings. 

Summary. 1) Ducklings infected with orni- 
thosis 6 to 14 days before a challenge dose of 
P. lophurae malaria parasites exhibit a 
marked resistance to the challenge. 2) The 
resistance is associated with increase of the 
reticulo-endothelial elements in the enlarged 
liver and spleen due to the ornithosis infec- 
tion. 
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Oviduct Response to Estrogen and Progesterone in the Ring Dove 


(Streptopelia risoria).* 
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Both antagonistic(1) and synergistic(2,3, 
4) effects of progesterone and estrogens on 
weight of the oviducts of domestic hens have 
been reported. Mason(5) showed that the 
amounts and dosage ratios of estrogen and 
progesterone determined, in part, whether an 
antagonistic or synergistic effect would be ob- 
served. Furthermore, the 2 hormones appear 
necessary for normal oviduct development, as 
estrogen alone causes gland growth but pro- 
gesterone in the presence of estrogen induces 
formation of secretion granules in the mag- 
num(4). 

In the course of a study of the hormonal 
induction of incubation behavior in the ring 
dove(6), behavioral effects of the hormones 
were found which suggested that the normal 
course of nest-building and incubating be- 
havior depends upon the successive effects of 
estrogen and progesterone. The present study 
was undertaken to determine whether the ef- 
fects of estrogen and progesterone on oviduct 
weights in this species are consonant with the 
hypothesis that progesterone is secreted after 
a period of estrogen secretion. 

Methods. Sixty-three female ring doves 
(Streptopelia risoria) , approximately 4 months 
of age, were selected for the experiment on 


* This study was supported by grants from Nation- 
al Science Fn. and the Rutgers University Research 
Council. 


the basis of direct examination of the ovary 
and oviduct through an incision in the ab- 
dominal wall. All had first and second phase 
ovules and undeveloped oviducts, and were 
thus not quite mature(4,7). The mean body 
weight was 148.7 g, S.D. 15.2 g. The sub- 
stances used were injected (in 0.1 ml sesame 
oil) into the pectoral muscles on alternate 
sides from day to day, for 10 days. On the 
day following the last injection, the birds 
were killed by an overdose of pentothal so- 
dium, and the oviducts removed and weighed. 
Groups of 9 birds each were treated as fol- 
lows: 1) Control. 0.1 ml sesame oil daily 
x10. 2) Progesterone. 0.1 mg daily x10. 3) 
Estrogen. 0.4 mg diethylstilbestrol daily x10. 
4) Progesterone + Estrogen. 0.1 mg proges- 
terone plus 0.4 mg diethylstilbestrol daily 
x10. 5) Control primed. 0.1 ml sesame oil 
daily x8, followed by 0.1 mg _ progesterone 
plus 0.4 mg diethylstilbestrol daily x2. 6) 
Progesterone primed. 0.1 mg_ progesterone 
daily x8, followed by 0.1 mg progesterone 
plus 0.4 mg diethylstilbestrol daily x2. 7) 
Estrogen primed. 0.4 mg diethylstilbestrol 
daily x8, followed by 0.1 mg progesterone 
plus 0.4 mg diethylstilbestrol daily x2.t 


t Progesterone (“Lutocylin,”’ Ciba) was supplied 
through the courtesy of Dr. Robert Gaunt of CIBA. 
Diethylstilbestrol was supplied through the courtesy 
of Dr. Aleck Borman of E. R. Squibb and Sons. 
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Results. The oviduct weights are pre- 
sented in Fig. 1. Differences between all 
groups were tested for statistical significance 
by the Mann-Whitney U test(8), and the re- 
sults of the comparison are shown in Table I. 

Progesterone administration, in the dosages 
used, did not increase oviduct weights. Es- 
trogen, however, significantly enhanced ovi- 
duct weight, and the combined administration 
of progesterone and estrogen caused a striking 
and significant increase over the effect of es- 
trogen alone. These differences are easily 
discernible on gross examination of the ovi- 
ducts. The dosage ratio of 4 estrogen/1 pro- 
gesterone is one that had been reported by 
Mason(5) to have synergistic effects. 

Priming for 8 days with estrogen, followed 
by 2-day administration of the estrogen-pro- 
gesterone combination, caused as much ovi- 
duct growth as did 10-day administration of 
the combination. The weights of these ovi- 
ducts were comparable to the maximum 
weights achieved in a normal breeding cycle. 
On the other hand, priming for the same pe- 
riod with progesterone did not significantly 


increase the effect of the 2-day administration 
of the 2-hormone combination, and caused 
much less oviduct growth than the 10-day ad- 
ministration of the combined dose. 

Discussion. These data suggest that the 
normal growth of the oviduct, which reaches 
a sharp peak just after the laying of the first 
of the 2 eggs(9), could be accounted for by 
assuming the secretion of estrogen which 
causes moderate increase in weight, followed 
by secretion of progesterone for a short time, 
causing a sharp increase in weight. 

There are other sources of evidence which 
support such a hypothesis of the ovarian pic- 
ture in the nesting female ring dove. Fraps 
(10) reports that a single injection of proges- 
terone into a laying hen will stimulate the 
premature release of an egg by the ovary. If 
progesterone is normally so involved in egg- 
laying in the ring dove, we might tentatively 
assume the occurrence of progesterone secre- 
tion just before ovulation of the first egg, 
which could account both for the ovulation 
and for the greatly increased oviduct growth 
which is observed at this time(9). Since the 
progesterone seems to stimulate ovulation via 
release of pituitary LH, however, there would 
still remain a number of questions concern- 
ing the initial stimulation of progesterone se- 
cretion. 

Observations of nesting and incubating be- 
havior suggest the same pattern. Estrogen 
injection has the same effect as does partici- 
pation in courtship upon the behavior toward 
eggs subsequently introduced into the cage: 
it induces intensive nest-building, followed 


TABLE I. P-Values for Comparison of Oviduct 

Weights of Groups of Ring Doves. Mann-Whitney 

U test. The first-named group in each pair had the 
larger mean oviduct wt. 


Groups compared P 


Se 
Progesterone + estrogen vs estrogen primed >.10 


Progesterone vs control >.10 
Estrogen ci Re <.002 
Progesterone + estrogen vs control a 
Estrogen vs progesterone a! 
Progesterone + estrogen vs progesterone a 

” ”» ” estrogen ” 
Progesterone primed vs control primed >.10 
Estrogen ¥ tte tae, i <.002 


” 


” progesterone primed ” 
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after 1-3 days by incubation(6,12). Proges- 
terone injection has the same effect as does 
participation in courtship and nest-building: 
it induces immediate incubation(6,11). This 
suggests that the normal cycle may include 
a period of nest-building (associated with es- 
trogen secretion), which induces a subsequent 
period of incubation (the beginning of which 
is associated with progesterone secretion). 

Brant and Nalbandov(4) state that, since 
androgen also has synergistic effects with es- 
trogen on oviduct growth, and since androgen 
has been found in the fowl ovary(13), the 
physiological substance involved in oviduct 
growth may be androgen rather than proges- 
terone. While this is possible, several con- 
siderations suggest that the physiological in- 
volvement of progesterone should be further 
explored: 1) Progesterone has been found in 
the blood of hens and roosters(14,15); 2) 
Androgen stimulates male sexual behavior, 
which is antagonistic to the broodiness in- 
duced by progesterone and normally occur- 
ring at the time of egg-laying and of maxi- 
mum oviduct growth(16,17); 3) Although 
testosterone and progesterone both augment 
the effect of estrogen on oviduct weight in 
hens, the effect on female sexual behavior in 
the same birds is that progesterone augments 
the effect of estrogen, while androgen does 
not(2); 4) Progesterone causes immediate in- 
cubation in all doves treated, while androgen 
does not(9). Progesterone, unlike androgen, 
can thus account for both the behavioral and 
the morphological changes which take place 
at about the time of egg-laying. 

Summary. 1. Adolescent female ring doves 
(Streptopelia risoria) were injected with pro- 
gesterone, estrogen or a combination of the 
two. Progesterone did not increase oviduct 
weights over the controls. Estrogen caused 
moderate increase, while the maximum in- 
crease was caused by synergism between es- 
trogen and progesterone. 2. Eight-day prim- 
ing with estrogen, followed by 2-day treatment 
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with the estrogen-progesterone combination, 
caused oviduct growth as great as that caused 
by the 10-day treatment with the combined 
dose. On the other hand, priming with pro- 
gesterone did not significantly augment the 
effect of 2-day treatment with the combina- 
tion. 3. On the basis of these data and of a 
discussion of the mechanisms of nest-building 
and incubation behavior, it is suggested that 
the normal cycle includes a period of estrogen 
secretion (concurrent with nest-building) fol- 
lowed by progesterone secretion (associated 
with egg-laying maximal oviduct growth, and 
incubation behavior). 


We are indebted to Dr. James Leathem for his 
criticisms of the manuscript, and to Mr. Daniel Wil- 
hoft for assistance in collection of data. 
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Biosynthesis of Liver and Tumor RNA Ribose in the Tumor-Bearing Rat. 
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PHILIP FEIGELSON AND PAuL A. MARKS 
Departments of Biochemistry and Medicine, College of Physicians and Surgeons, 
Columbia University, New York City. 


Rapid glucolysis with the aerobic accumu- 
lation of lactic acid is a prominent metabolic 
aberration manifested by tumors(1). It is 
therefore of interest to ascertain whether 
other alterations in tumor carbohydrate me- 
tabolism may exist. Towards this end a 
study has been undertaken on the biosynthe- 
sis of the pentose, ribose. The recent devel- 
opment of isotopic tracer and degradative 
technics(2) has permitted in vivo studies of 
the various alternate pathways of pentose 
biosynthesis in the normal rat(3,4). These 
studies have now been extended to the tumor- 
bearing rat in an attempt to gain insight into 
the biosynthetic pathways of RNA in the 
tumor, as well as to determine the effect of the 
tumor on nucleic acid pentose synthesis in 
the liver of the host animal. 

Methods. Adult male Wistar rats weighing 
between 75 and 100 g were inoculated intra- 
peritoneally with approximately one million 
Yoshida ascites tumor cells. Five days after 
inoculation food was withdrawn from all ani- 
mals and on the sixth day the animals were 
administered by stomach tube 1 ml of 25% 
glucose/100 g body weight. One hour later 
each animal received a subcutaneous injection 
of 20 ue of glucose-2-C™ (supplied by Dr. 
H. I. Isbell of the National Bureau of Stand- 
ards). After a 6 hour isotope incorporation 
period the animals were sacrificed by a blow 
on the head and then exsanguinated. The 
ascitic tumor cells were removed with a hypo- 
dermic syringe and the peritoneal cavity 
washed with saline to collect remaining tumor 
cells. The livers were then removed and 
further washed with saline to remove adher- 
ing tumor cells. Employing technics previ- 
ously described(4), the tumor and liver RNA 
were separately isolated, the RNA purine- 
bound ribose was liberated by acid hydrolysis, 
freed of ionic contaminants with ion exchange 
technics and then further purified employing 
paper chromatographic procedures. The iso- 


lated liver and tumor RNA ribose was de- 
graded using Lactobacillus pentosus(5,6) fol- 
lowed by chemical degradation technics; each 
ribose carbon atom was thus individually iso- 
lated as BaCO3(7). The specific activities of 
the BaCO,; samples thus obtained were esti- 
mated with either a windowless flow counter 
or a liquid scintillation counter. 

Results. The results of duplicate experi- 
ments are depicted in Table I as the per cent 
specific activity in a given carbon atom rela- 
tive to ribose carbon atom 2. The liver RNA 
ribose of the tumor-bearing rat presents an 
isotope distribution pattern that is conspicu- 
ously different from that of the control rat 
bearing no tumor. Whereas the bulk of ra- 
dioactivity in the liver ribose of control ani- 
mals is in carbon atom 2, with considerable 
activity in carbon one and little or no activity 
in ribose carbon atoms 3, 4, and 5, the radio- 
activity in the liver ribose of the tumor-bear- 
ing rats is widely dispersed throughout the 
ribose molecule, with considerable radioactiv- 
ity present in carbon atoms 3, 4, and 5. In 
the tumor, however, ribose carbon atom 2 
exhibits the highest specific activity; the re- 
maining activity is distributed essentially 
equally throughout the rest of the ribose 
molecule. 

Discussion. The conspicuous finding in this 
study is the extensive randomization of the 
C' throughout the carbon chain of. ribose in 
both the tumor and the liver RNA of the 
tumor-bearing animal. This effect is more 
marked in liver RNA ribose than in the tumor 
RNA ribose. The distribution of the Cl 
labeling pattern in liver RNA ribose of the 
Yoshida tumor-bearing rat is thus in sharp 
contrast to the labeling pattern previously ob- 
served in the normal rat liver RNA ribose 
(4). This alteration in labeling pattern may 
be subject to 2 alternative interpretations: 
(1) The tumor exerts an influence on liver 
metabolism; or (2) rapid metabolism by the 
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TABLE I. Incorporation of Glucose-2-C™“ into 
Liver and Tumor RNA Ribose of Yoshida Ascites 
Bearing Rats. 


Ribose carbon No. 


1 2 3 4 iD 
Tumor 36.2* 100 40.6 45.4 30.8 
BOLe a 45.4 
Liver 100 oY 94.4 93.5 84.4 
90.5 a4 CP SRR Al 
Control liver 34.4 + 50) 0 0 
(Tumor-free rat(4)) 23.6 & 2.0 0 0 


* Values expressed as % of specific 
C7: 


activity in 


tumor of the administered glucose-2-C!4 re- 
sults in a randomization of label throughout 
the hexose; the observed pattern of ribose 
labeling in the liver resulting from normal 
pentose synthesis by the liver, utilizing, how- 
ever, a hexose precursor in which all carbon 
atoms are labeled. This latter alternative is 
supported by the recent finding that glucose- 
2-C! administration to tumor-bearing mice 
resulted in liver glycogen containing C™ dis- 
tributed throughout all carbons of the hexose 
(8). These findings have been interpreted as 
indicating that the tumor caused an extremely 
active reversible conversion of the adminis- 
tered C14 glucose through the Embden-Meyer- 
hoff and tricarboxylic acid cycles resulting in 
migration of the C' from its original position 
to other locations in the glucose molecule. 
Whether these alterations are due to the tu- 
mor per se or to the indirect influence of the 
presence of the tumor on the metabolism of 
other tissues remains obscure. 
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While uncertainty as to the labeling pat- 
tern of the hexose precursor of ribose in tis- 
sues of tumor-bearing rats precludes precise 
interpretations of the pathways of pentose 
biosynthesis, the preponderance of label in 
carbon 2 of ribose would seem to eliminate 
decarboxylation of hexose as the dominant 
reaction in pentose biosynthesis(4). 

Summary. Pathways of pentose biosyn- 
thesis in the liver and tumor of control and 
tumor bearing rats have been studied em- 
ploying glucose-2-C' as the isotopic precur- 
sor. Presence of the tumor in the animal 
caused marked alteration in the labeling pat- 
tern, of liver RNA ribose, with the C'! being 
distributed almost equally throughout the 
carbon chains. However, tumor RNA ribose 
is characterized by greater isotopic asym- 
metry with carbon atom 2 being most radio- 
active. Possible metabolic mechanisms un- 
derlying these observations are discussed. 
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Interest in the determination of plasma 
concentrations of catechol amines has in- 
creased since the development of sensitive 


* This work was supported in part by grant from 
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acknowledge the advice of Dr. H. Oppenheimer, and 
technical assistance of Miss C. Johnson. 


fluorometric methods by Lund(1) and Weil- 
Malherbe and Bone(2). The ethylenedia- 
mine method of Weil-Malherbe and Bone is 
more sensitive but less specific to epinephrine 
and norepinephrine than the Lund method. 
It has been used to follow the changes in 
blood levels of catechol amines in psychiatric 
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TABLE I. Concentration of Catechol Amines in 
Plasma of Psychiatric Patients. 

Conc. of amine (ug/liter) * 
Subjects Epinephrine Norepinephrine 
Patients 48 ih ae 1K RC aus 
Controls Di, ip 2 (08 Se Oaus eA 
P value >.8 PA 
* Mean + S.E. 


clinics following therapeutic treatment(3,4). 
The ethylenediamine method has also been 
found reliable in measuring the altered levels 
of circulating norepinephrine and epinephrine 
found in pheochromocytoma(5) and a modi- 
fication of the method(6) has been used to 
follow changes in amine levels in patients 
undergoing various surgical procedures(7). 
Several workers have used the ethylenedia- 
mine method to measure the changes in cir- 
culating catechol amines after anesthetic(8,9) 
and other drug actions(10,11,12) in experi- 
mental animals. 


It is the purpose of this paper to report the 
levels of circulating catechol amines, with 
fluorescent spectral characteristics similar to 
epinephrine and norepinephrine, in psychiat- 
ric patients of various diagnostic categories. 

Methods and chemical procedure. The 
catechol amine content in plasma was meas- 
ured by the method of Weil-Malherbe and 
Bone(1). The test was started immediately 
after the blood was drawn. All of the chemi- 
cal tests were performed by the same person. 
Slight modifications were made in the method- 
ology. The amines were adsorbed from he- 
parinized plasma by shaking with alumina 
washed free of fluorescent material. The 
alumina used was the non alkaline type 
(Woelm brand) recommended by Aronow. 
The use of double distilled water and ethyl- 
enediamine redistilled daily resulted in a min- 
imum of fluorescence in the blanks. The 
fluorescence of standard solutions of crystal- 
line epinephrine and norepinephrine were al- 
ways compared to the unknown samples. Re- 
coveries averaged 90% for both amines. 

Fluorescence of ethylenediamine-coupled 
amines was measured in a Farrand fluoro- 
meter Model A, equipped with a photomulti- 
plier tube. The primary filter system was 
composed of Corning filters numbers 5113 


PSYCHIATRIC PATIENTS 


and 3389, which passed the 436 my line. One 
secondary filter consisted of Corning numbers 
5433 and 3384, which passed a band in the re- 
gion of 510 mp and the other secondary filter 
was a Corning number 2418 with a cut off 
at approximately 600 mp. Psychiatric Evalu- 
ation. Patients were selected from the in- 
patient service of the Payne Whitney Psychi- 
atric Clinic and represented a range of diag- 
nostic categories and of emotional disturbance. 
Evaluation of the patient’s diagnostic and 
emotional status at the time of testing was 
made by one of the authors (P.R.) who was 
familiar with all of the patients. Control sub- 
jects were hospital employees (physicians, 
nurses, laboratory and clinical workers) who 
showed no clinical evidence of psychiatric ill- 
ness. In all, 48 patients and 27 controls were 
studied. Although most patients have re- 
ceived many repeated studies, only the first 
observations are reported here. 

Results. Twenty-one of the patients studied 
had schizophrenic reactions, 19 affective dis- 
orders, 4 paranoid reactions, and 4 psycho- 
neurotic reactions. In 48 samples of plasma, 
obtained from patients and tested for catechol 
amines of the epinephrine and norepinephrine 
type, considerable variation in the plasma 
amine level was observed. The range of 
epinephrine values in 48 patients varied from 
zero to 2.5 wg/liter of plasma, while the range 
of norepinephrine values varied from 0.1 to 
8.6 wg/liter of plasma. The range of epine- 
phrine values in 27 controls varied from zero 
to 2.5 ywg/liter of plasma and the range of 
values for norepinephrine varied from 0.4 to 
5.6 wg/liter. These data, tabulated in Table 
I, showing a comparison between catechol 
amine levels of patients and controls, were ob- 
tained within the same time period. No sig- 
nificant difference was found between the 


TABLE II. Concentration of Catechol Amines in 
Plasma of Patients of Different Diagnostic Categories. 
————_—_—_—_— 


Conc. of amine (ug/l) * 


Diagnostic No. of Epineph- Norepi- 
category patients rine nephrine 
Schizophrenic 21 teeta, Sores OW) 
Affective reaction 19 Wey eet lf6) Sorte Ag 
Paranoid ” 4 WI 32 OP Sheena 847) 
Psychoneurotic 4 SF E40, Psy eae Vl 


* Mean + S.E. 
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TABLE III. Fluorescence of Possible Interfering 
Substances in Weil-Malherbe and Bone Method. 


% of fluorescence 
produced by 
1 wg/100 ml of 


Conc. Epineph- Norepi- 
Compound ug/100 ml rine nephrine 
Dihydroxyphenyl- 100 15 0) 
alanine 
3 hydroxytyramine 1 60 100 
Tyramine 5000 20 30 
5 hydroxy- 200 0 40 


tryptamine 


data of the patients and controls. 

A further analysis was made of the patient 
group in which the patients were considered 
as to diagnostic category (Table II). A test 
of significance was made between each diag- 
nostic category as compared to the controls. 
The only significant difference observed was 
that of the norepinephrine levels in the psy- 
choneurotic group as compared to the control 
norepinephrine levels. A “P” value of .02 
was found but the sample of 4 psychoneu- 
rotics is to be extended before we positively 
assign significance to this category. 

Interfering Compounds. Three of the com- 
pounds considered to interfere with the ethyl- 
enediamine test were compared to 1 pg % 
solutions of epinephrine and _ norepinephrine 
(Table III). These compounds, dihydroxy- 
phenylalanine, tyramine and 5 hydroxytryp- 
tamine showed interference qualitatively simi- 
lar to that reported by Weil-Malherbe and 
Bone(2). The fourth compound, 3 hydroxy- 
tyramine, was found to interfere with both 
epinephrine and norepinephrine in equivalent 
concentrations. Our data are in agreement 
with those of Valk and Price(13) that this 
compound, if present in plasma, could seri- 


ously interfere with the ethylenediamine 
method. 
Discussion. The ethylenediamine method 


used to determine the level of circulating cate- 
chol amine has been criticized by Valk and 
Price(13). They indicate that the ethylene- 
diamine method is not specific to the amines, 
particularly norepinephrine, and possibly 
measures a degradation product of 3 hydroxy- 
tyramine metabolism such as dihydroxyphen- 
ylacetic acid. Nevertheless, the method does 
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reflect changes in catechol amine content of 
the epinephrine and norepinephrine type in 
cases of pheochromocytoma(5). The ratio 
of these amines in the patients, as measured 
by the Weil-Malherbe and Bone method, is 
in agreement with the observations of Holton 
(14), Engel and Euler(15) and Goldenberg 
and Rapport(16). Furthermore, it can be 
demonstrated with this method that the cate- 
chol amine level slowly returns to normal val- 
ues following surgical ablation of the tumor 
(17). We have also observed that a patient 
with pheochromocytoma having preoperative 
levels of 3.0 and 17.5 pg/liter of epinephrine 
and norepinephrine, respectively, gave values 
of 0.8 and 3.2 pg/liter 2 weeks post opera- 
tively. Thus it appears that the ethylene- 
diamine method gives measurements which 
follow the clinical picture in cases of pheo- 
chromocytoma. 

Experiments devised to determine a con- 
stant quality or quantity in the interfering 
substances have not been successful. The in- 
terference can be due to 3-hydroxytyramine, 
as indicated by our test (Table III) and that 
reported by Valk and Price(13). It remains 
to be demonstrated, however, that this com- 
pound or any other dihydroxy catechol de- 
rivative will persist in plasma. At this time, 
therefore, it would seem best to accept the 
conservative evaluation of the Weil-Malherbe 
and Bone method which was proposed by 
Hammond e¢ al.(7). They state that the 
values reported by them as epinephrine and 
norepinephrine may include other compounds 
and that these values may be legitimately ac- 
cepted as maximal concentrations of plasma 
epinephrine and norepinephrine. It is prob- 
able that the absolute values for these amines 
are lower than reported by the ethylenedi- 
amine method; nonetheless, the method has 
been useful in following fluctuations in cate- 
chol amine content. 

The data presented in this report demon- 
strated that a group of psychiatric patients 
did not maintain blood levels of catechol 
amines that differ in general range from the 
blood levels of “normal” individuals. The 
findings are in agreement with those found in 
a study of surgical cases(7), and are in keep- 
ing with studies of most physiological vari- 
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ables in psychiatric patients. Most studies, 
however, have indicated that significant find- 
ings depend on the use of repeated examina- 
tions of the individual, in different situations 
(18-21). Our incomplete series of multiple 
testings indicate that this finding applies to 
blood catechol amines, and warrant further 
exploration with this method. 

Summary. The concentrations of catechol 
amines with fluorescent absorption spectral 
characteristics similar to epinephrine and 
norepinephrine were determined in patients 
and hospital personnel in a psychiatric hos- 
pital. No significant differences were found 
in blood levels of catechol amines in these 
two groups. There were also no significant 
differences observed in the catechol amine lev- 
els among the various diagnostic categories 
within the patient group. L dihydroxyphe- 
nylalanine, tyramine, and 5 hydroxytrypta- 
mine do not appreciably interfere with the 
ethylenediamine method. 3 hydroxytyramine 
had a fluorescent potential equivalent to that 
of epinephrine and norepinephrine when these 
compounds were compared in the ethylene- 
diamine method. 
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In the study of the immunohematology of 
acute acquired hemolytic anemia, the nature 
and behavior of the serum proteins attracted 
attention. An abnormal distribution of the 
protein fractions was suggested by the greatly 
accelerated sedimentation rate, autoagglu- 
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tination, and high antibody titer. The only 
reference to this subject in man is a short note 
by Hansen(1) in which 3 of 4 cases of ac- 
quired hemolytic anemia are reported to have 
had elevated gamma globulins. Boyd has 
summarized the results in excess antibody 
production in animals(2). 


Material and methods. Eight cases of ac- 
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FIG. 1. Electrophoretic patterns in illustrative cases. 


quired hemolytic anemia in adults with posi- 
tive anti-human globulin tests were studied. 
This group consisted of 4 cases of primary 
hemolytic anemia, 2 cases of acquired hemo- 
lytic anemia secondary to lymphomas (one of 
lymphatic leukemia and one of lymphosar- 
coma) and 2 cases secondary to metastatic 
carcinoma with liver involvement and jaun- 
dice (Table I). The serums of these patients 
were examined electrophoretically by the 
Tiselius(3) technic in the following manner: 
1 ml of clear serum was diluted with 2 ml of 
veronal buffer (pH 8.6) and ionic strength 
0.1 u. The diluted serum was dialyzed for 
30 hours against 450 ml of the buffer at 4°C. 
Analyses were made in the Perkins-Elmer 
electrophoresis apparatus model 38. The 
length of the run was 4200 seconds and the 
patterns were enlarged and calculated from 
the areas under curves with planimetry. The 
chemical analysis was performed by using 1 
ml of clear serum for determination of total 
protein by the method of Looney and Walsh 
(4). 


Results. Table I presents the findings ob- 


tained by both electrophoretic and chemical 
analyses. Fig. 1 demonstrates the pattern 
obtained in 1) normal; 2) patient AS (case 
#4) demonstrating an extreme beta globulin 
peak; 3) patient DS (case #6a) demonstrat- 
ing an extreme gamma globulin peak; 4) pa- 
tient AL (case #7) demonstrating an extreme 
beta and gamma globulin peak with low al- 
bumin. 

Discussion. The major variations from 
normal appear in the increased combined beta 
globulin and gamma globulin fractions, as 
well as in low total albumin (expressed as 
g%). As shown in the table the increase in 
either fraction did not relate to the etiology, 
specificity of the antibody, or the titer. It 
has been shown that the components which 
migrate as a unit with the beta or gamma 
globulin consist of several distinct substances, 
separable by sedimentation constants and im- 
munological technics(5). The exact com- 
ponent that varied in each case has not been 
determined. In fact, Vaughn(6) has recently 
presented evidence that some auto-antibodies 
were gamma globulins, but others were of 
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TABLE I. Composition of Serum Proteins Expressed in % of Total Protein (upper figures) and 
in g/100 ml (lower figures). 
Seen ——————————e 


Antibody Albu- 
Diagnosis g% & titer min Alphal Alpha2 Beta Gamma 
Normal None 55-65%  4-7% 8-10% 11-14% 11-16% 
4-5¢% 3-5 Sf .8-1.0 8-1.2 
1 YF Idio. Panagglutinin 60.8 SI, 5.8 14.6 13.8 
Total 5.48 Sie! ede | oe .80 as 
Z S.D Idio. Cold 4000 53.3 6.3 8.5 12.8 19.1 
Total 6.24 3230 39 58 .80 1.19 
3 S.K Idio. Antirh’&K 43.4 8.1 11.3 ee 20. 
Total V2 3.16 59 82 1.25 1.45 
AIS Idio. Pan 56.3 6.0 6.2 17.4 14.1 
Total 6.95 3.91 42 43 12 9.7 
5 H.K Lymph. leuk. Pan 58.4 8.8 11.1 17.8 3.9 
Total 6.28 3.67 -)5) 70 1.12 24 
6. a)! Dis: Lymph. Sa. Cold 200 53.6 5.5 6.1 12.2 22.6 
Total 2? 3.82 oo) 43 87 1.61 
13) ae Ose Post-splenectomy Cold 800 49.2 8.2 14.6 1325 14.5 
Total 6.75 Oud AS) 99 91 98 
7 A.L Meta-Ca. Cold 20.9 Bee 7.8 24.1 42.0 
Total 6.20 1.30 32 48 1.49 2.61 
8. sce Meta-Ca. Cold 32 SP) Hes 137 24.7 31.9 
Total 3.86 86 29 DS 95 123 
non-gamma globulin material and that some Summary. Electrophoretic and chemical 


actually appeared to be of 2 components. 

The very profound variations from normal 
found in Cases 7 and 8 were probably caused 
by the disturbance in the major protein frac- 
tion due to the severe liver involvement. 
Both of these patients, as can be seen, had 
reversal of the albumin-globulin fractions 
which completely masked the relatively minor 
influence of the auto-antibody present. 

The mobility of iso- and hetero-agglutinin 
between beta and gamma globulin has been 
reported by others(7). The findings pre- 
sented here would seem to verify that a true 
quantitative increase in these fractions does 
occur in the presence of excess unusual anti- 
bodies. 


study indicate that auto-antibodies, as found 
in acquired hemolytic anemia, produce a 
measurable quantitative increase in beta and 
gamma globulin fractions. 
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Anderson, Lawler and Keys(1) have pro- 
posed the hypothesis that, other things being 
equal, the serum cholesterol concentration in 
man is determined by the fat transport load 
imposed on the blood per unit of circulation. 
The transport of fat from intestines to liver 
and from liver to fat depots is thought to be 
primarily involved. The transport of fat 
from the fat depots to the point of metabo- 
lism appears to be less directly concerned be- 
cause the serum cholesterol concentration falls 
during negative calorie balance in spite of the 
fact that a great deal of fat is mobilized from 
the fat depots in this situation(2,3). The 
hypothesis explains: 1) The increase in serum 
cholesterol concentration observed on high fat 
diets and in overnutrition with a positive 
calorie balance; 2) The stability of serum 
cholesterol during calorie equilibrium and a 
constant fat intake and 3) The decrease in 
serum cholesterol on low fat diets and in 
negative calorie balance. The role of physi- 
cal activity in this scheme needs clarification. 
The acute effects of physical activity have 
been studied in connection with dietary cho- 
lesterol loading(4) and it has been shown 
that when calories and activity are increased 
to the same extent so that calorie equilibrium 
is maintained, no increase in serum choles- 
terol concentration results(5). However, in 
the latter work only 3 subjects were studied, 
the quantity of fat in the diet was held con- 
stant while the physical activity was in- 
creased so that the proportion of calories rep- 
resented by fat metabolism decreased sharply, 
and calorie equilibrium was not exact. It is 
of interest to discover whether increasing the 
fat content of the diet in proportion to the 
calories consumed by physical activity will 
affect the serum cholesterol concentration. 
This paper presents data bearing on this 
point. 

Subjects, conditions and methods. The sub- 


* This work was supported in part by grant from 
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jects were 9 clinically healthy university stu- 
dents who volunteered to participate in the 
experiment. The mean age was 23.3 years 
with a range of 21 to 28 and the mean rela- 
tive weight was 108.3 with a range of 93 to 
128. None of the men was excessively fat or 
thin. Two of the 9 played in intramural 
basketball but the others did not take part in 
organized sports. 


All meals were prepared and measured in 
the laboratory and 2 meals a day were served 
in the laboratory dining room. Box lunches 
consisting of sandwiches, fruit and milk were 
carried by the subjects and eaten outside of 
the laboratory. All food items were served 
as weighed portions and the rejections were 
tabulated and used in calculating the compo- 
sition of the diet. The diet was designed to 
approximate the current American practice of 
using liberal quantities of meat, milk, butter 
and eggs. It was fully adequate in vitamins 
and minerals. The calorie, fat and protein 
content are presented in Table I. 


During the period of increased physical 
activity, the men walked for 2 hours a day 
on the motor driven treadmill at 3.5 miles per 
hour on a 10% grade in an air conditioned 
room in which the temperature was held con- 
stant at 78°F with a relative humidity of 50 
to 60% saturation. Body weights were meas- 
ured each morning before breakfast without 
shoes and coat. Oxygen consumption during 
work was determined by collecting expired 
air in a spirometer and analyzing an aliquot 
sample for COz and Oy, concentrations in a 
Haldane gas analysis apparatus. Blood was 
drawn in the morning before breakfast. The 
total serum cholesterol was determined by a 
modification(6) of the method of Abell e¢ al. 
(7). The cholesterol associated with the a 
and £ lipoprotein was determined by cold 
ethanol fractionation with a modification of 
the procedure of Russ, Eder and Barr(8). 
For the determination of lipid phosphorus, 
serum samples were extracted with Bloor’s 
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TABLE I. Composition of Diets employed in the 2 sedentary periods and the physically active 
period. 
EE LL 
mae eOLeln Fat 
Diet Cal./day g/day % of cal./day g/day 9% of cal./day 
Sedentary Mean 3257 105 13.0 155 42.7 
St. dev. 78 4.6 3.6 
Physically Mean 4189 135 12.9 201 43.2 
active St. dev. 79 8.3 5.1 


mixture and the dried extract was further 
purified by a second extraction with chloro- 
form. The phosphorus was then determined 
following the procedure outlined by Brandt 
(9). Dole’s method(10) was used to deter- 
mine the concentration of non-esterified fatty 
acids. 

Results. The general plan of the experi- 
ment was to have the men eat the standard 
sedentary diet for 2 weeks (S1 and S2, desig- 
nated period I). This was followed by a 
transition period of 2 weeks in which the men 
increased their time spent walking on the 
motor driven treadmill from one-half to 2 
hours a day (A3 and A4). Treadmill walk- 
ing of 2 hours daily was then maintained for 
2 weeks (A5 to A6, designated period II) and 
this was followed in turn by a week on the 
original diet (S7, designated period III) with 
no treadmill walking. 

The body weights for the last 3 days of 
each week were averaged for each man. There 
was no significant variation in the means. At 
the beginning of the experiment the mean 
weight was 171.0; at the end of the exercise 
period, 171.0; and at the end of the second 


sedentary period, 170.8. 

The results of the analyses of the blood 
lipids are presented in Table II. There were 
no significant differences in the group means 
of total serum cholesterol or beta lipoprotein 
cholesterol in the 3 periods studied. The 
variability between periods I and II was small 
while that between periods I or II and III is 
noticeably larger. The lipid phosphorus sus- 
tained a significant decline at the end of the 
activity period which was recovered after a 
week of sedentary existence. The nonesteri- 
fied fatty acids tended to decline continu- 
ously during the entire 3 periods and the 
conventional T test for paired variates showed 
that none of the differences in the means ap- 
proached statistical significance. The diet 
during the activity period provided an in- 
crease of 932 calories. The mean oxygen 
consumption of the group while walking on 
the treadmill was found to be 2.240 L/min. 
with an R.q. of 0.83. Two hours of work at 
this rate accounts for 1280 calories. In plan- 
ning the experiment an allowance of 300 
calories was made for basal metabolism and 
activities that would have been pursued dur- 


TABLE II. Concentration of Cholesterol, Beta Lipoprotein Cholesterol, Phospholipid and Non- 

Esterified Fatty Acids (NEFA) of Subjects in the Several Periods. Figures in the table are means 

of duplicate determinations made in serum obtained from subjects on the last 2 days of designated 

period. All figures are in mg/100 ml of serum except NEFA which is expressed as micro equivalents 
of fatty acid/] of serum and Beta lipoprotein cholesterol which is in % of total. 


Serum cholesterol 


Beta lipoprotein chol. Phospholipid NEFA 

I II Ill I II Ill I II Ill I II Il 
D 160 174 181 79.4 72.4 Use 146 132 157 419 478 242 
H 203 197 212 78.8 82.2 ils 176 143 184 406 392 473 
M 192 188 193 Sls Tilt 76.7 169 144 167 783 442 471 
OQ’ 144 152 179 TAL 83.6 82.7 123 129 149 423 340 256 
Ol 116 122 132 80.2 Weal thes 113 106 128 560 442 596 
iP 163 159 125 79.8 82.4 76.8 136 145 110 720 1006 460 
Q 147 146 140 74.2 75.3 Som 142 130 140 439 372 525 
R 150 147 144 83.3 87.8 90.1 134 118 137 475 342 394 
S 150 154 148 77.3 74.7 20) 131 121 127 345 344 320 
Mean 158.3 159.8 161.5 76.3 78.7 79.5 rill alo) eA} DO/e/mec4O2.ONe loa 
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ing the 2 hours which were occupied by 
treadmill work. The weight stability of the 
subjects during 7 weeks of the experiment 
suggests that this estimate was not far from 
correct. 


Discussion. Since the oxygen intake re- 
quired by the work task employed here is 
approximately 60% of the maximal oxygen 
intake found in young men of similar age and 
background(11), the work was entirely aero- 
bic. The data presented by Asmussen and 
Nielsen(12) suggest that the cardiac output 
in treadmill walking of this intensity lies be- 
tween 16 and 20 liters per minute or 3 to 5 
times the basal rate. Circulation to the 
muscles is certainly increased by a larger 
factor since circulation thru the muscle at 
rest is probably only 20% of the rest- 
ing cardiac output. Circulation to the muscles 
in the work conditions employed here is ade- 
quate to compensate for any increased fat 
transport to muscles that the lipoprotein 
cholesterol complex might take part in. 

The work presented here is in agreement 
with the initial hypothesis that serum cho- 
lesterol concentrations are determined by the 
fat transport load from the intestine to the 
liver and to the fat depots which in turn is 
influenced by the circulation rate. In spite 
of the fact that the amount of fat eaten by 
the subjects increased by 46 g a day no in- 
crease in the level of serum cholesterol was 
observed, presumably because the circulation 
was increased in proportion to the additional 
fat load. 

Mann et al.(5) studied 3 men who in- 
creased their calorie intake by roughly 3000 
calories or 50%. The fat content of the diet 
was held constant so the proportion of cal- 
ories provided by fat fell from 50 to 51% of 
the total to 24.7 to 25.2%, a reduction which 
might be expected to reduce serum cholesterol 
levels by as much as 20 mg per 100 ml of 
serum if activity and calories were constant 
(13). Heroic efforts were made by the sub- 
jects in this experiment to increase their 
energy expenditure to the level of roughly 
6000 cal. a day. In spite of this increase in 
activity all men gained from 3 to 5 lb of 
weight suggesting that the positive calorie 
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balance might be as high as 12,000 to 14,000 
calories. The serum cholesterol levels either 
showed a downward trend or no change. The 
interpretation of these results is confused by 
the increase in body weight which, by itself, 
would tend to increase serum cholesterol lev- 
els(1). In the first 5 weeks of overnutrition, 
the subjects studied by Anderson ef al.(1) 
gained 1.6 kilos of weight while their serum 
cholesterol concentrations increased by 20.3 
mg per 100 ml of serum. The results re- 
ported by Mann e¢ al.(5) might well be sum- 
mation of two opposing factors. 


Summary and conclusions. The effect of 
increasing the level of daily physical activity 
on the serum cholesterol concentrtaion was 
studied in 9 clinically healthy University stu- 
dents. The physical activity was increased 
by walking on the motor-driven treadmill at 
a rate which required 1280 cal. for 2 hours. 
The caloric intake was increased by 900 cal. 
but the proportion of calories derived from 
fat was held constant. There was no change 
in the serum cholesterol concentration. It is 
concluded that the results are consistent with 
the hypothesis that the serum cholesterol con- 
centration is related to the proportion of total 
calories derived from fat. 


It is a pleasure to acknowledge the assistance of 
Mrs. Nedra Foster, Administrative Technologist, 
whose meticulous attention to detail and _ tireless 
effort helped make this work possible. 
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The need for a better understanding of the 
behavior of strontium in man has arisen be- 
cause of development of nuclear weapons and 
potential applications of atomic energy. Ra- 
dioactive strontium, disseminated worldwide, 
eventually finds its way into accessible cal- 
cium reservoirs of the biosphere (of which 
the human skeleton is one) and tends to at- 
tain steady state movement between such 
reservoirs. Information is needed to permit 
prediction of levels to be attained in the hu- 
man population in terms of the amount fall- 
ing out upon the earth or becoming incorpor- 
ated in the diet. Since on a long-term basis 
the human burden will result from strontium 
contamination of dietary calcium, consider- 
able advantage is gained by studying the com- 
parative behavior of these two elements. 
Knowledge of the manner in which various 
physiological processes affect retention of 
strontium and calcium in the body may lead 
to ways in which the comparative retention 
can be modified at will. It is of practical im- 
portance to determine the extent to which the 
urine or blood levels can be used to estimate 
the body burden or over-all intake of radio- 
active strontium. 

The world-wide distribution of strontium 
90 has been reviewed by Libby(1) and Kulp 
et al.(2). The metabolism of strontium in 
laboratory and domestic animals has been 
extensively studied(3-6), and the behavior 
of intravenously injected strontium 85 in hu- 
man subjects has been reported by Spencer 
et al.(7). Harrison et al.(8) have followed, 
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in normal man, the course of stable strontium 
given in amounts (20 to 250 mg) that allowed 
analysis by radioactivation. These findings 
have been reviewed and compared with ani- 
mal data by Comar and Wasserman(3). 


The long-term problem is concerned with 
the behavior of essentially carrier-free radio- 
strontium ingested over an extended period 
with each meal. Therefore, in the present 
work, emphasis has been given to experiments 
that simulate this situation, rather than to the 
usual single parenteral dose-type experiment 
often employed in metabolic studies. Data 
are presented on the behavior of strontium 8$§ 
in man after single and daily feeding, and on 
the strontium-calcium discrimination as 
shown by daily feeding of strontium 85 and 
calcium 45 in double tracer studies. 


Methods. These studies were done with 
chronically ill patients having leukemia or 
widespread malignant neoplasms. Carrier- 
free strontium 85 (cyclotron produced from 
rubidium; 65 day half life; no beta rays; 
0.013 Mev X ray, 0.513 y ray) and high spe- 
cific activity calcium 45 were used. The lev- 
els of Sr 85 employed ranged from 5 to 20 
microcuries for single dosage studies and from 
1 to 3 microcuries per meal for the daily feed- 
ing experiments. In the double tracer studies, 
Ca 45 was given at about twice the microcurie 
amounts of Sr 85. The usual procedures for 
handling of samples and radioassay were em- 
ployed(9) except as noted. The Sr 85 was 
counted with a _ well-scintillation crystal. 
Double counting was accomplished by scin- 
tillation measurement of the sample itself or 
of an aliquot of ash solution for Sr 85, and 
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FIG. 1. Course of strontium 85 following a single 
ingestion (57-year-old woman with breast carcinoma 
and bone metastases, patient E). 


conventional precipitation of calcium oxalate 
for beta counting of Ca 45. With this instru- 
mentation and the relative amounts of the 
two radioisotopes in the samples, the Ca 45 
did not contribute significantly to the scin- 
tillation counts, nor the Sr 85 to the beta 
counts. 

Results. Single oral dosage. The course of 
Sr 85 following a single ingestion is illus- 
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trated in Fig. 1, which represents a study on 
a 57-year-old woman (E) with breast car- 
cinoma and bone metastases. The total fecal 
excretion was about 86% of the ingested dose 
and, as shown, occurred within 4 days after 
ingestion. The total urinary loss was 3% 
with the highest excretion rate during the 
first day, a slower rate between 1 and 4 days, 
and a decreasing rate thereafter. The per- 
centage of the dose in the total blood was cal- 
culated from blood concentrations by assum- 
ing a standard blood volume of 7.7% of the 
body weight. Of particular interest was that 
the peak concentration in the blood occurred 
at 4 hours or earlier after ingestion; this em- 
phasizes the rapidity of absorption. A sum- 
mary of excretions by several patients is 
presented in Table I. The effect of milk on 
increasing absorption has been discussed else- 
where(10). On the nonmilk diet the fecal 
excretion averaged 74% and the urinary ex- 
cretion about 6%. 

Daily oral dosage. Although it is theoretic- 
ally possible to use single-dose data to cal- 
culate steady state levels resulting from daily 
ingestion, it was deemed advisable to obtain 
direct information. Two patients were given 
Sr 85 Cly in water before each meal for 20 
days. The over-all results are given in Table 
II; there is reasonable agreement between the 
excretion figures and those of the single dos- 
age experiments as already presented. The 
time pattern is illustrated for patient F in 
Fig. 2. The percentage of the ingested dose 
retained in the body at each day was calcu- 
lated by subtracting total excretion from total 
dose up to that day. It is of particular inter- 
est to note that the body burden of Sr 85 was 


TABLE I. Fecal and Urinary Excretion of Single Dosages of Strontium 85. 


Feces Urine 
Subject Age Sex Diet Condition % of dose 
A 64 cy Nonmilk Generalized lymphosarcoma 86 1.8 
A 64 3 Milk 89 Al 
B 68 3} Nonmilk Lymphoepithelioma 55 Hell 
B 68 3 Milk 35 5 
C 58 ey Nonmilk Generalized lymphosarcoma 59 7.8 
(C 58 8 Milk 1 3.6 
D 15 se) Nonmilk Brain tumor, medulloblastoma 84 11 
D 15 ce) Milk 17 7.8 
E 57 ©) Nonmilk Breast carcinoma 86 3.0 
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still increasing up to the 20th day, even 
though a person of this age is probably in 
stable strontium balance(8). Thus it appears 
that there is a continuing net retention of in- 
gested radiostrontium even at a time when 
plateau levels have been attained in the body 
fluids and presumably the exchangeable sites 
in the skeleton are saturated. A possible ex- 
planation is that unlabeled areas of bone are 
probably undergoing resorption at this time 
so that the corresponding accretion may re- 
sult in net retention of radiostrontium but 
not of stable strontium. It will be important 
to determine for how long and at what rate 
the body burden increases after the start of 
ingestion by persons with fully developed 
skeletons. As expected, there was only a 
slight loss from the body after the dosage was 
stopped. 

The feces curve, of course, reflects the ir- 
regular passage of the stool. The urinary ex- 
cretion showed an upward trend with time 
but it is not possible to say whether a plateau 
level had been reached; the sharp drop after 
cessation of dosing emphasizes that urinary 
levels are primarily an indication of the pre- 
vious day’s intake rather than of the body 
burden. The plasma level showed a steady 
rise and a suggestion of a slight decrease be- 
fore the dosing stopped, although this may 
not have been real. 

Of particular interest is the blood picture 
as a function of time after the start of daily 
administration. Data from several patients 
are shown in Fig. 3. It is noted that 2 pa- 
tients with leukemia showed a low blood level 
and attained a plateau within 5 or 6 days. A 


TABLE II. Steady State Excretions and Plasma 
Levels of Strontium 85. 
Patient FE G 
Age 47 yr 28 yr 
Sex o) 3 
Disease Ovarian Granulocytic 
carcinoma leukemia 
Duration of feeding 20 days 20 days 
% of dose in feces at 60 60 
steady state 
% of dose in urine 8.8 Si 
at steady state 
% of daily dose in 3.9 1.0 


plasma at steady state 
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FIG. 2. Course of strontium 85 following ingestion 
with each mea! (47-year-old woman with ovarian 
carcinoma, patient F). 


patient with an osteolytic lesion demonstrated 
a steep slope during the first 6 days. Patients 
with ovarian carcinoma were intermediate in 
terms of both slope and level whereas the few 
points on a 9-year-old boy with cerebellar 
medulloblastoma indicated that a plateau had 
been reached by the fourth day. 

Tissue distribution. Tissue samples were 
available from some of the patients at au- 
topsy at varying times after the metabolism 
experiments. The concentrations of Sr 85 
calculated as percentage of dose per kilo of 
tissue are presented in Table III. Definite 
interpretations are difficult because of the 
differing experimental conditions; however, 
the general levels are of interest and it is 
clear that the behavior of the Sr 85 is at least 
qualitatively similar to that in animals. 
From the blood value of patient H at 8 hours 
after injection, it is inferred that there is the 
usual blood disappearance curve. At a few 
hours after injection it is noted that the blood, 
kidney, spleen, thyroid, bones, and bone mar- 
row were about the same level, whereas the 
other tissues were much lower. At the longer 
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TABLE III. Tissue Distribution of Sr 85 in Human Subjects. (Values calculated as % of dose per 
kilo fresh wt.) 


_———— eee ee 2 ee ee 
——$—$—$—_—_—_—_—_—_——___—_—_—— Qe 


Patient, age (years), disease 


~r 
Ww 


Myeloma 


I C G 
47 58 28 
Ovarian 
cystadenocarci- Generalized 


noma 


lymphosarcoma Leukemia 


Intrav., died 17 


Admin. and time Intraven., died 8 days after 
schedule hr after dosage dosage 
Blood Df 36 
Muscle 67 14 
Heart 19 
Lung 63 
Colon 29 44 
Liver 79 26 
Kidney 1.6 36 
Spleen 1.1 29 
Thyroid 1.6 Wf 
Adrenal By 
Pancreas 70 41 
Rib AD 8.3 
Femur shaft 1.0 42 
Medullary bone 
sternum 163 
vertebra 4.0 5.4 
ilium Sei 8.7 


Orel with each meal 


2 equal oral doses for 19 days, ded 


32 and 19 days 40 days after 
before death last dose 
O11 ANS 
12 
Ao) 54 
021 44 
9 24 
52 1.0 
let 
19 
ie 
29 AS 
ore) 1.8 
80 ihe 
4.1 


time intervals there was generally the pattern 
of high bone values and lower blood and soft- 
tissue values; for example, concentrations in 
the femur shaft ranged from 15 to 30 times 
those of muscle. 

Strontium-calcium discrimination. Double 
tracer procedures and rationale for estimation 
of strontium-calcium discrimination in rats 
have been described(4). The same methods 
have been used with human subjects except 
that Sr 85 was employed instead of Sr 89. 
Terminology and equations are as follows: 


Strontium-Calcium Observed Ratio (OR) 


Sr/Ca of sample 


OR amienreciteon —— 5 Ai (1) 
Sr/Ca of precursor 
Strontium-Calcium Discrimination Factor (DF) 
100 — % Sr 85 in feces ; 
IDEs orprive — 1 ce: 4 ¥ (2) 
100 — % Ca 45 in feces 
ORpoay-atet 
JOM ieinenke (3) 


DP ypsorpeive 

Since the major route of exposure of the 
human population is via milk (at least in the 
Western countries), the following experi- 
ments were done by giving Sr 85 and Ca 45 


in milk with each meal for 5 to 20 days. A 
summary of results on 4 patients is presented 
in Table IV. The most important observa- 
tion was the ORpjooq-aict and the extent to 
which this value reflected the ORjoay-aiet- In 
the interests of brevity the data are not pre- 
sented, but in the first 3 patients it was noted 
that the ORpiooa-aiete On the second day of 
feeding and thereafter was not significantly 
different from average values after feeding for 
15 to 20 days. Therefore it was felt that 4 to 
5 days of daily feeding is adequate for this 
type of experiment. 


With patient J complete collections of ex- 
creta were made and the ORvetainea-aiet WaS 
calculated by difference between dose and ex- 
cretion. In agreement with previous studies 
on rats(4), the ORvetainea-aiet WaS slightly 
higher than the ORpiooa-aiet- The ORretainea- 
ait Should represent the ratio in the skeleton. 
Patient L died about one month after the 
last dosage and samples of rib and femur were 
analyzed to give ORpone-aiet Values. It has 
been shown that the ORpone-aiet Value after a 
single dose tends to decrease with time(2) 
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TABLE IV. Summary of Strontium-Calcium Discrimination in Human Subjects as Shown by 


Double Tracer Methed. 
eee SS ———————— 


Patient, age, sex and disease 


J K L M 
UG) wes, Ss Beng, & DEVO 9 yr, 6 
Chronic 
Primary tumor Ovarian granulocytic Cerebellar 
unknown carcinoma leukemia medulloblastoma 
Days on test 11 15 12 6 
ORpbiood-diet 62 50 ao pe 
ORvetained-diet WS 5 
ORbone-atet 153 
ORurine-aiet 1.8 1.6 Prep 
% total excretion* 
Ca 45 in urine 1.8 
Spe Qs” As 3.1 
Ca 45 in feces 36 
Se, 50 
DF apsorptive 78 
Fir inary. 87 
% daily dose/ml plasmat ‘ 
Ca 45 0014 0013 .00042 0015 
Sr 85 00085 .00061 .0002 1 .0008 
% daily dose in total bloodt 
Ca 45 2.9 BS .96 1.4 
Sr 85 1.8 12 48 Sa 
% daily dose in urine/dayt 
Ca 45 1.4 1.7 s1@) 
Sr 85 2.6 Dra ps 
Total in excreta 
* —______— X 100. + At steady state. 


Total ingested 


and this seems to fit with the values of 
ORptooa-aiet ANd ORpone-aiet for this patient. 
The DF apeorptive 2nd DF urinary Values of 0:78 
and 0.87, respectively, are in agreement with 
values obtained for rats on a milk diet(4). 
The levels in blood and urine are in fair 
agreement between patients except for the 
low values from patient L with leukemia. It 
may be coincidental but it should be noted 
that patient G (Table II), also with leukemia, 
showed a lower plasma and urine level. The 
general plasma and urine levels were also in 
agreement with those reported in Table IT. 
Discussion. It is evident that the behavior 
of radiostrontium in man is not essentially 
different from that in animals. The major 
points include (a) rapid absorption from the 
gastrointestinal tract; (b) increased absorp- 
tion and retention when milk is given simul- 
taneously; (c) rapid removal from blood for 
deposition in bone and to a lesser extent ex- 
cretion in the urine; (d) high retention of 
radiostrontium once it has been deposited in 


bone; and (e) preferential absorption of cal- 
cium and preferential urinary excretion of 
strontium. Under conditions of daily intake 
it is estimated that the plasma level would 
range from 0.0006 to 0.001% of the daily in- 
take per ml. The daily urinary excretion is 
expected to range from about 1 to 10% 
of the daily intake, being variable between 
persons and reflecting primarily the previous 
day’s ingestion. 

The comparative behavior of the two ele- 
ments in man is apparently similar to that in 
rats. There was preferential absorption of 
calcium from the gastrointestinal tract and 
preferential excretion of strontium in the 
urine. It can be inferred that there was little 
discrimination in movement between blood 
and bone (Table IV, patient L). This is in 
disagreement with the interpretations of Kulp 
et al.(2), based on single dosage studies. 

It is of interest to consider the extent to 
which the results presented may apply to nor- 
mal persons. There seems no doubt that the 
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, 61 yr, Osteolytic Lesion of Pelvis 
, 47 yr, Ovarian Carcinoma 
, (3 yr, Primary Tumor Unknown 
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FIG. 3. Summary of plasma levels of strontium 85 
following ingestion with meals over several days. 


blood levels as presented in Fig. 3 indicate 
a dependence upon condition of the patient. 
The absorption values, however, are all quite 
similar to those reported by others(3). It is 
of special interest to note that similar dis- 
crimination values were obtained for patients 
with dissimilar conditions (leukemia vs. cere- 
bellar medulloblastoma or ovarian tumor). 
Thus it might be reasonable to conclude that 
the disease condition, in these patients at 
least, affected the over-all behavior of calcium 
and strontium in the same way, if at all. 


In evaluation of the discrimination that 
takes place against strontium in favor of cal- 
cium, we are proposing a factor of 2 for the 
calcium and strontium derived from dairy 
products, based on the data reported here. 
The discrimination is not known between cal- 
cium and strontium of plant origin as eaten 
by man. From experience with rats on a 
nonmilk diet, one might expect the discrim- 
ination in man on a nonmilk diet to be 
greater than 2, perhaps as high as 4. Some 
of the factors that may influence discrimina- 
tion of nonmilk strontium and calcium are the 
presence of milk in the diet and the over-all 
level of dietary calcium; data are not yet 
available to permit estimates of the effect of 
such variables. 


Summary. 1) These studies indicate that 
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the behavior of radiostrontium in man is simi- 
lar to that in animals. When ingested in 
water solution by adults, about 74% was ex- 
creted via the feces and 6% via the urine; 
the absorption occurred mainly within 4 
hours after ingestion. Values are given for 
the plasma and urinary levels attained at 
steady state under conditions of ingestion 
with milk at each meal; these may be of use 
for monitoring purposes. 2) Two leukemia 
patients showed low plasma and urinary levels 
of radiostrontium whereas a patient with an 
osteolytic lesion showed a tendency towards 
high plasma levels. 3) When radiostrontium 
and radiocalcium were fed simultaneously in 
milk with each meal for several days there 
was a discrimination against strontium by a 
factor of about 2; this resulted almost equally 
from preferential absorption of calcium and 
preferential urinary excretion of strontium. 


Note added in proof: 

In recent studies with 4 patients on non-milk diets 
over periods up to 10 days, Dr. Daphne Papadopou- 
lou in this laboratory observed a mean OR) oq-aict 
value of 0.44 with a standard deviation of 0.05. 
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Gastric Mucosal Erosion in the Rat Following Administration of the 


Serotonin Precursor, 5-Hydroxytryptophan. 


BERNARD J. HAVERBACK AND DoNALpD F. BOGDANSKI 


(23232) 


(Introduced by B. B. Brodie) 


Clinic of General Medicine and Experimental Therapeutics and Laboratory of Chemical 
Pharmacology, National Heart Institute, N.J.H., Bethesda, Maryland. 


The presence of serotonin (5-hydroxy- 
tryptamine) in the gastrointestinal mucosa of 
the mammalian species has stimulated investi- 
gation concerning its role in the normal func- 
tion and in disease of the gastrointestinal 
tract(1). It therefore became of interest to 
determine what effect administration of 5- 
hydroxytryptophan (SHTP), the metabolic 
precursor of serotonin, has on the gastro- 
intestinal tract of the experimental animal. 
Previous studies have demonstrated that 
5HTP is converted to serotonin im vivo, and 
measurable increases of serotonin in blood 
and tissue have been demonstrated within 15 
minutes, reaching a maximum in about 60 
minutes, and persisting for several hours after 
administration of SHTP(2,3). 

Methods. Seventy-five Sprague-Dawley rats 
weighing between 200 and 300 g were used. 
All substances were administered intraperi- 
toneally except as indicated in Table I. The 
stomachs of the rats were examined 3 hours 
after administration of SHTP. 

Results. As is shown in Table I, almost 
all animals that received SHTP in a dose of 
300 mg/kg developed hemorrhagic gastric 
erosions which occurred almost exclusively in 
the corpus and antrum, which constitute the 
glandular portion of the stomach (Fig. 1). 
Occasionally a lesion was noted in the mucosa 
of the proximal duodenum. The lesions var- 
ied from 1 to 3 mm in diameter, and on 
microscopic examination showed necrosis of 
one-third of the thickness of the mucosa. 
Evidence of hemorrhage surrounding the ne- 
crotic material and a mild polymorphonuclear 
leukocytic infiltration were present. 

As large doses of reserpine have been dem- 
onstrated to liberate stored serotonin from the 
gastrointestinal tract(4), reserpine alone was 
administered in an attempt to produce the 
gastric erosions. No erosions were found 3 
hours after administration of 1 and 5 mg/kg. 
However, 18 hours after administration of 5 


mg of reserpine per kg, hemorrhagic erosions 
were noted. Benditt(5) also has reported 
the presence of hemorrhagic erosions in the 
gastric mucosa of the rat following reserpine 
administration. 

Atropine sulfate administered one hour be- 
fore 5HTP was effective in preventing the 
erosions. As atropine had this effect, the 
action of 5HTP on gastric acid secretion in 
the rat was determined. Studies have indi- 
cated that SHTP decreases gastric acid secre- 
tion in a Shay-rat preparation. After ligation 
of the pylorus, 6 rats were given 300 mg/kg 
of SHTP and 5 rats were given 5 ml of iso- 
tonic saline intraperitoneally. Three hours 
later the mean gastric volume and acidity 
were 2.1 ml and 5 meq per liter in those re- 
ceiving 5 HTP and 3.8 ml and 55 meq per 
liter in those receiving saline. 


Discussion. These findings take on added 
significance in view of the apparent increased 
incidence of peptic ulceration in the malig- 
nant carcinoid syndrome where a hypersero- 
tonemia exists. MacDonald reported an in- 
cidence of stomach and duodenal ulceration of 
38% in 21 cases(6), and Manion found pep- 
tic ulceration in 4 of 6 autopsied cases.* Gas- 
tric analysis in 3 patients with malignant 
carcinoid syndrome did not reveal hyper- 
secretion of acid juice. The average volume 
and free acidity of six 15-minute collections 
of basal gastric secretion in these patients 
were 14 ml and 9 meq per liter, respectively. 
Furthermore, studies in dogs have shown that 
when 5HTP is administered intravenously, 
the major effect on gastric secretion is inhibi- 
tion(7). In 3 similar experiments on a dog 
with a simple gastric fistula and intact vagal 
innervation, the mean volume and free acidity 
of the spontaneous secretion were 20 ml and 
93 meq per liter during a 40 minute period. 
In the interval 20 to 60 minutes after admin- 


* Personal communication. 


Gastric MucosAt Erosion Fottowinc 5-HypRoxyTRYPTOPHAN 


TABLE I. Gastric Mucosal Erosions Following Ad- 
ministration of 5-Hydroxytryptophan and Related 


Compounds. 
Time of Avg No. 
autopsy No. No. of ero- 
Test after drug of with — sions 
substance admin. (hr) rats erosions per rat 
Saline 3 10 0) 0) 
5-Hydroxytryptophan 
300 mg/kg 
Intraper. & 16 14 4 
Subcut. 3 5 5 5 
Reserpine 
1 mg/kg 3 4 0) 0 
5 3 9 0 0 
3 18 6 2 il 
5 18 4 4 3 
Atropine sulfate 
5 mg/kg 
5-Hydroxytryptophan 
300 mg/kg 3 10 2 <i 


istration of 20 mg per kg of SHTP these 
values declined to 2 ml and O meq per liter, 
respectively. Although reserpine produces gas- 
tric erosions, it is not necessary to attribute 
these to the demonstrated stimulation of gas- 
tric secretion in dog and man(8,9). 

Selye and others have demonstrated that 
similar erosions may be produced in the rat 
by a variety of drugs, traumatic injuries, 
burns, excessive muscular exercise, cold and 
other alarming stimuli(10). As serotonin 
occurs naturally in the stomach mucosa, it is 
logical to inquire whether this substance may 
be involved in the production of the erosions 
by the various stimuli. 

Summary. 5-Hydroxytryptophan adminis- 
tered to rats in a dose of 300 mg/kg produced 
hemorrhagic mucosal erosions in the glandular 
portion of the stomach. When atropine sul- 
fate was injected prior to 5-hydroxytrypto- 
phan administration, the lesions were de- 
creased in number or their occurrence 
prevented. Administration of reserpine also 
produced similar lesions which were delayed 
in appearance. 

The authors wish to thank Dr. Alan Rabson for 
his cooperation. 
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FIG. 1. Hemorrhagic gastric erosions occurring in 

glandular portion of the stomach of the rat 3 hr 

after administration of 5-Hydroxytryptophan in a 
dose of 300 mg/kg. 
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Human Endogenous Plasma Lipemia Clearing and Lipolytic Activity 


After Tricalcium Phosphate Adsorption. 


(23233) 


H. ENGELBERG* 
Division of Laboratories, Cedars of Lebanon Hospital, Los Angeles, Calif. 


Nilsson and Wenckert(1) demonstrated 
that heparin was adsorbed to known _pro- 
thrombin adsorbents. Subsequently Nikkila 
and Pesola(2) reported that post-heparin 
clearing factor was adsorbed on tricalcium 
phosphate gel. Human endogenous plasma 
lipemia clearing factor has been found in 
some subjects(3). Further work(4) demon- 
strated its lipolytic nature and inhibition 
characteristics which were similar to the post- 
heparin enzyme (lipoprotein lipase) and dif- 
ferent from those of pancreatic lipase. In the 
present study the effect of tricalcium phos- 
phate adsorption on clearing and lipolytic ac- 
tivity of human post-heparin plasma, pancre- 
atic lipase and endogenous plasma lipolytic 
activity has been investigated. The results 
add further evidence of the identity between 
the endogenous plasma lipolytic enzyme and 
the post-heparin factor, and support the con- 
clusion that heparin is normally a component 
part of lipoprotein lipase essential to or sta- 
bilizing its activity. 

Methods. ‘Tricalcium phosphate gel was 
prepared as described by Quick(5). (This 
must be completely salt-free or clearing factor 
adsorption does not occur.) Blood was ob- 
tained using chilled syringes and oxalated 
tubes, and the plasma separated in refriger- 
ated centrifuge. (Citrate interferes with ad- 
sorption of heparin on the gel, and heparin 
was not used as anticoagulant because of the 
remote possibility of slight zm vitro clearing 
factor formation.) One ml of plasma was 
added to 0.1 ml of gel and the mixture al- 
lowed to stand for 30 minutes at 4°C with 
frequent shaking. In studies of clearing ac- 
tivity, one ml of the original plasma or one 
ml of the supernatant liquid after adsorption 
were mixed with .4 ml of a .25% suspension 
of Ediol. Optical density changes were fol- 
lowed for one hour at 25°C using a Coleman 
Jr. spectrophotometer at 540 my. In the in- 


* Supported by U.S.P.H.S. grant. 


vestigations of lipolysis a series of tubes con- 
taining one ml aliquots of plasma before and 
after adsorption were incubated at 37°C for 
15, 30 and 60 minutes with .2 ml of human 
low density serum lipoproteinst added to each 
tube. It had been previously determined that 
at this level of added lipoproteins the amount 
of fat substrate does not affect the rate of 
lipolytic reaction. Unesterified fatty acids 
were determined using the method of Borg- 
strom(6) which we found to have a maxi- 
mum deviation from the mean of .05 Meq/I. 
Calculation of rate of release of unesterified 
fatty acids per hour was based upon the maxi- 
mum increment of fatty acids found in any 
time period. This assumption is justified 
since in this im vitro system the end products 
of the reaction (glycerol and free fatty acids) 
are not removed and these inhibit further 
lipolysis(7). Esterified cholesterol was also 
measured before and after one hour incuba- 
tion since we have found that occasionally an 
increase in cholesterol ester occurs which, if 
undetermined, might mask a moderate degree 
of fatty acid release. Human pancreatic lipase 
was obtained from fresh autopsy material.+ 


Results. Table I shows the effect of trical- 
cium phosphate gel adsorption upon lipemia 
clearing and lipolytic activity of post-heparin 
plasma and pancreatic lipase. There is a 
marked reduction of activity in the former 
but no decrease or perhaps an increase in the 
fat splitting action of the pancreatic lipase. 
Occasionally activity of the post-heparin fac- 
tor is completely removed by the gel. 


Table II presents the results of optical den- 


t Ultracentrifugally separated and supplied by the 
Inst. of Medical Physics through the courtesy of Mr. 
D. Spector. The lipoproteins represent a 5-fold con- 
centration of predominantly Standard Sf 12-400 
lipoproteins in their original sera. 

¢ Supplied through cooperation of Dr. N. Fried- 


man, and extracted by the Southern California Gland 
Co. 


LipeMIA CLEARING ACTIVITY 


TABLE I. Effect of Tricalcium Phosphate Adsorp- 

tion on Lipemia Clearing and Lipolytic Activity of 

Plasma Plus Human Pancreatic Lipase, and of Hu- 
man Post-Heparin Plasma. 


Incubation time at 25°C 
Optical density 


CAs(PO;) 2 readings* 
Preparation Adsorption 0 10’ 20’ 30’ 60’ 
Pre-heparin plasma B sh eNO SiS) SISe Sy 
+ human pan. A HO 68. 37 37 2 
lipase 
Post-heparin plasma B AG AS 390 368 28 
(100 mg I.V.) A 49 49 49 49 48 


Incubation time at 37°C 
Unesterified fatty 
acidst 


Rate of 
O 15’ 30’ 60’ release 
iPre-hepanmiplasiia mab salen des onto. le4 a 4/ hin 
+ human pan. IN TOV thes I SS BAC 
lipase 
Post-heparin plasma B 2 OV SAY 3:9) 422" 44 
(100 mg L.V.) Ayeneinss cy oets a tem eS 


* Read in Coleman Jr. Spectrophotometer at 540 


mu. 
+t Values in milliequivalents/liter. 
B = before. 
A = after. 


sity studies before and after adsorption on the 
gel in patients who had endogenous lipemia 
clearing factor in the plasma. With the ex- 
ception of subject E.M. the post-adsorptive 
plasma had less or no clearing activity. The 
plasma of subject E.M. was repeatedly tested 
and in no instance did gel adsorption affect 
activity, although it was inhibited by sodium 
taurocholate but not by protamine sulfate. 
No release of free fatty acid could be demon- 
strated when his plasma was incubated with 
human lipoproteins so that this probably rep- 
resents an instance of non-lipolytic clearing. 
In several instances in other subjects (M.A., 
J.S., C.S., A-K.) the clearing activity which 
was adsorbed in the phosphate gel was in- 
hibited by 5% sodium taurocholate, TEPP, 
molar NaCl and protamine, which inhibit 
post-heparin factor but do not affect pancre- 
atic lipase activity (4). 

Studies in 14 individuals of the release of 
unesterified fatty acids before and after 
plasma adsorption on tricalcium phosphate 
are shown in Table III. In 3 of the 14 sub- 
jects (M.E., E.H. and B.L.) endogenous 
lipemia clearing activity had been found on 
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previous occasions, but the others had not 
been tested before. Four of these showed an 
increase in unesterified fatty acids, and in 2 
(S.B. and W.N.) the increase in esterified 
cholesterol masked a release of the fatty 
acids. In 8 of the 9 subjects in whom lipoly- 
sis occurred, the activity was either com- 
pletely or almost completely removed by ad- 
sorption with the gel. In one, M.E., although 
the rate of release of fatty acids was appar- 
ently unchanged, there is evidence of a more 
rapid inactivation of the lipolytic activity 
upon incubation. The measurements of 
cholesterol ester reveal that in every instance 
a slight decrease was found after adsorption, 
and that less esterification occurred in the ad- 
sorbed plasma. 


TABLE II. Effect of Tri-Calcitum Phosphate Ad- 
sorption on Human Endogenous Plasma Lipemia 
Clearing Activity. Optical Density Readings at 540 
my. Tubes Contained 1 ml Plasma Plus 0.4 ml .25% 


Ediol. 
Patient Caz(PO,)» Incubation time at 25°C 
Sex age Adsorption (0) Os COMMON 
Iya DY. B 54 46 30 40 
g 44 A 36 Bir 38 38 
LR. B 49 46 46 50 
O50 A AS 49 Si 6S 
Rs B 47 50 50 46 
é 64 A 49 Poul 50 49 
sheets B 44 43 39 38 
gé 49 A A7 47 46 46 
E.M. B 36 oH0) soul 29 
a A 41 39 36 OO 
DAH. B iy A Se oe 
ORAZ A foe Oe 31 Ol 
M.A. B 40 36 no 30 
oq 10 A ater ath | BW 50 
I.M. NaCl DS SB PB 
TERPS 10s 41 40 40 40 
(Gass B 42 40 40 it 
g 65 A 41 41 Al 40 
5% Sod. Taur. Ae ee 
JS. B 65 64 63 63 
& 62 A WG Oy @ 6 
5% Sod. Taur. Be 2S) BS Sys 
H.M. B 40 SO BST 
OSS A oi Gd BF 86 
1BLIK,, B 29 Day 24 ii 
gf 63 A oD oD 34 oul 
AMBRE ab << MO oul soil i! 30 
5% Protamine BO 60 29- Wo 
B= betores 
Av—=raiters 
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TABLE III. Effect of Tri-Calcitum Phosphate Adsorption on Endogenous poly veer 
Oxalated Human Fasting Plasma. Tubes Contained 1 ml Plasma Plus 0.2 ml Human Low Density 
Serum Lipoproteins. 
eee 
Incubation time at 37°C - 

-— Unesterified fatty acids in mEq/I— : 

Pat ent Caz(PO:)» ; Rate of Chol. esters ; 

Sex age Adsorption 6) fie 30 60 release/hr 0) 60 

a M.E. B pi 4 6 6 8 235 263 

6 36 A 2 4 no) 5 8 230 233 

Hele B of 4 Sif 1.9 3.0 185 185 

Q 41 A fi 4 6 6 8 180 180 

ALN. B 4 4 =) 6 2 224 224 

é 45 A 4 4 4 4 0 197 196 

Ne B 26) 3) 2) 5 # 198 200 

2 50 A Pe) 2) 8) xe {0} 183 183 

AB. B 4 a) 6 6 4 Pips 274 

Qe ay A 4 A 4 Boy All 214 213 

DESs B 3 3 8) ns) 0 227 DIG 

O42 A cS co 8 0 224 224 

IDS, B 2 aD ¥! Pa 0 156 156 

Qo 44 A a, oe v YE .O 142 142 

S.B: B 3 Oo) Be a, 12 185 193 

a Al A 3 8) “o) & .04 176 179 

DEY: B 7 i i 7 0} 166 166 

Q@ 47 A 6 6 6 6 0 161 161 

eZ. B 4 Ss % 3 0 168 169 

uO A Ss 3 nO 6) 0 147 147 

Rens B § 5 3) BS .O oe Ze 

QO A 5 5 a § m0) 176 176 

Sal B > 8 Ae) 1.0 ie 220 249 

Ol A 4 BS 6 ve 4 189 202 

Bue B 6 ae) 29 AS) 2 184 190 

6 Be A 6 ss) § aS x0) 176 178 

W.N. B ff 4 ff tl 18 230 242 

S$ 66 A ad <t si Hh m0) 226 226 

B = before. 
A = after. 
Discussion. The finding that tricalcium suggests that minor or unstable lipoprotein 


phosphate gel adsorbs post-heparin factor but 
does not affect pancreatic lipase activity af- 
fords another useful method of distinguishing 
between these two lipolytic enzymes. The re- 
sults of the gel adsorption of the endogenous 
plasma clearing and lipolytic activity thus 
strongly support previous studies(4) indicat- 
ing its identity with heparin lipoprotein 
lipase. 

We found that after tricalcium phosphate 
adsorption endogenous heparin cannot be 
demonstrated in the supernatant plasma with 
octylamine precipitation methods(1). How- 
ever, markedly decreased clearing and lipo- 
lytic activity may remain in some cases. This 


lipase activity may exist without heparin. 
Thus Robinson(8) found that removal of 
heparin from post-heparin plasma by a resin 
does not destroy the enzyme system but 
markedly reduces its stability. Korn(9) 
showed that a bacterial heparinase produced 
a partial (approximately 60%) inactivation 
of tissue lipoprotein lipase activity. His re- 
sults indicated that heparin was an integral 
part of the molecule but that destruction of 
the former did not totally prevent lipolysis of 
lipoproteins by the remaining part of the 
enzyme. The effect of tricalcium phosphate 
adsorption is in accord with these findings. 
The post-adsorptive plasma had less esteri- 


PAPER ELECTROPHORESIS OF ANIMAL HEMOGLOBINS 


fied cholesterol, and showed a diminution in 
the further esterification of cholesterol upon 
incuhation, than the pre-adsorbed plasma. 
Although the meaning of this is unclear at 
this time, the apparent removal of some cho- 
lesterol esterase activity by tricalcium phos- 
phate gel, a known heparin and prothrombin 
adsorbent, raises the possibility of some re- 
lationship between these substances. Unfor- 
tunately determinations of total cholesterol 
before and after adsorption were not done. 
Summary. Tricalcium phosphate gel re- 
moves all or the major portion of post-heparin 
clearing factor activity from plasma but does 
not decrease the activity of human pancreatic 
lipase. It is therefore a useful agent in iden- 
tifying heparin lipoprotein lipase. Endoge- 
nous plasma lipolytic activity is completely 
or nearly completely removed after gel ad- 
sorption in almost all subjects in whom it is 
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present, affording further evidence of its 
similarity to or identity with post-heparin 
factor. Plasma cholesterol ester and choles- 
terol esterase is also apparently decreased in 
the post-adsorptive sample. 
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Metabolic Diseases, NIA. 


The discovery of an abnormal hemoglobin 
in sickle cell disease has stimulated intensive 
electrophoretic study of human hemoglobin 
(1-4). An interest in comparative aspects of 
erythrocyte turnover(5) led us to undertake 
electrophoretic characterization of hemoglob- 
ins of a variety of animal species. A wide 
spectrum of migration patterns was found, 
with some species demonstrating as many as 
3 electrophoretically separable hemoglobins. 

Materials and methods. Blood was ob- 
tained from active adult animals (and 3 
calves) (Table I) by cardiac or venipunc- 
ture and either oxalate or heparin used as 
anticoagulant. (Penguin blood was taken 
from an animal severely ill with aspergil- 


* Public Health Service Research Fellow of Nat. 
Heart Inst. 

+ Present Address: Hitchcock Clinic and Dart- 
mouth Medical School, Hanover, N. H. 


losis.) Human blood was drawn from several 
healthy adult males, from patients with sickle 
cell disease(6), and from an individual with 
hemoglobin C disease(7). Blood cells were 
washed 3 times with 0.9% NaCl, lysed with 
2-3 volumes of distilled water, and centri- 
fuged to separate out particulate (stromal) 
elements. 0.005-.020 ml samples of hemo- 
globin solutions (stored frozen until electro- 
phoresis) were stripped on filter paper and 
placed in a Spinco electrophoresis cell(8) 
containing barbital buffer of .01 ionic 
strength, pH 9.2. Voltage was maintained 
constant at 270 volts for a 5 hour period of 
electrophoresis. Under these conditions the 
average current across each 3 cm wide paper 
strip was .5 m amp. Human A hemoglobin, 
and usually S and C hemoglobins as well, 
were run simultaneously in the same cell with 
animal hemoglobins. Human A hemoglobin 
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TABLE I. Animal hemoglobins subjected to electro- 
phoresis. Figures in parentheses indicate number of 
individuals tested. 


Mammals 


Man 
Chimpanzee (Pantroglodytes) (1) 
Rhesus (Macaca mulatta) (4) 
Macaque ( syrichta) (1) 
Llama (Lama glama) (1) 
Horse (draft) (5) 
Cow (Hereford) (7) 
Callhi ( iH ) (3) 
Pig (Hampshire, Berkshire) (4) 
Sheep (Hampshire) (6) 
Goat (brush) (2) 
Dog (mongrel) (14) 
CHG PF Ce 
Mouse (white, random bred) (5) 
Rat (Sprague-Dawley, ” ) (6) 
Guinea pig (Hartley-Beltsville hybrid) (5) 
Rabbit (New Zealand White) (7) 
Hamster (Golden Syrian) (5) 
Birds 
Chicken (N. H., mongrel Leghorn) (11) 
Pigeon (white Carneaux) (6) 
Duck (white Pekin) (9) 
Robin (Turdus migratoria) (1) 
Penguin (A ptenodytes forsteri) (1) 
Reptiles 
Turtles: 
Terrapene carolina carolina (5) 
Pseudyms floridana (2) 
sy rubriventris (1) 
Black Snake (Elaphe obsoleta) (1) 
Water ” £(Natrix taxispilota) (1) 
Amphibia 
Toad (Bufo marinus) (2) 
Frog (Rana pipiens) (7) 
Fish 
Carp (Cyprinus carpio) (1) 


migrated approximately 6 cm in 5 hours, with 
a variation of as much as 0.5 cm between 2 
strips in the same cell. Conclusions in re- 
gard to relative mobility were based on mul- 
tiple runs in which consistent significant dif- 
ferences were observed. Blood from one tur- 
tle (Terrapene carolina) was incubated in 
vitro with NasCr®'!O,, which has been found 
to bind firmly with both human and animal 
hemoglobin(5). Hemoglobin thus labelled 
was submitted to electrophoresis and sepa- 
rated into 2 components as described below. 
The paper strip was run through a densi- 
tometer+ then cut transversely into 1-3 cm 
pieces bearing varying amounts of pigment, 


+ Spinco Analytrol, Specialized Instruments Corp., 
Belmont, Calif. 
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FIG. 1. Diagrammatic representation of electro- 

phoretic patterns of various human hemoglobins and 

of animal species demonstrating single-component 
hemoglobins. 


which were placed in counting vials and the 
emissions of chromium®! scanned in a well- 
type scintillation counter. 

Results. Mammalian hemoglobins. The 
pattern of mammalian hemoglobins display- 
ing single electrophoretic components is 
shown in Fig. 1. Those found to have anodic 
mobility similar to human A hemoglobin in- 
cluded chimpanzee, rhesus monkey, pig, goat, 
cat, mouse, rat, hamster, and 4 of 6 sheep. 
Hemoglobin of guinea pigs and a macaque 
possessed greater mobility, while that from 
llama, cow, dog, and rabbit migrated less rap- 
idly than human A hemoglobin. 

A number of species disclosed 2-compon- 
ent patterns (Fig. 2). Hemoglobins of 5 
draft horses gave identical separations of 
double bands slightly faster than human A. 
While each of 7 adult Hereford steer pre- 
sented single hemoglobins moving more slowly 
than A (Fig. 1), hemoglobins from 2 of 3 
Hereford calves (estimated age 2-6 months) 
contained 2 components, one equal in anodic 
mobility to that of adult steer hemoglobin, 
the other slower (Fig. 2). The third calf 
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Turtle, T carolina a 
ec | 
FIG. 2. Diagrammatic representation of electro- 


phoretic patterns of various human hemoglobins and 
of animal species demonstrating multiple component 
hemoglobins. 


hemoglobin had the pattern of adult steer. 
Two of 6 Hampshire sheep hemoglobins 
tested each showed 2 components, one with 
mobility of A hemoglobin, the other faster 
Giigeule 7). 

Avian hemoglobins. Hemoglobin from each 
of 6 New Hampshire chickens separated into 
3 components; the major band (approxi- 
mately 70%) migrated little if any distance 
from point of origin, while 2 faint lesser 
bands moved toward the anode (Fig. 2, a). 
One of 5 mongrel Leghorns also displayed 3 
hemoglobin components; the others had but 
2, lacking the more rapid of the components 
moving toward the anode (Fig. 2, b). Hemo- 
globin from each of 9 ducks separated into a 
major component (85%) migrating toward 
the cathode and a lesser component (15%) 
directed toward the anode. Robin hemo- 
globin also proved separable into a major 
positively charged component and a lesser 
negatively charged moiety (Fig. 2). Penguin 
and pigeon hemoglobins travelled as single 
bands, the former moving slowly to the nega- 


399 


tive pole, the latter displaying no significant 
deviation from the point of origin (Fig. i). 

Reptile hemoglobins. Hemoglobins of each 
of 3 species of turtle—Terrapene carolina, 
Pseudyms floridana, and Pseudyms rubriven- 
tvis—possessed 2 widely separated bands mi- 
grating toward the positive electrode, one 
component somewhat more rapidly moving 
than human A hemoglobin, the other more 
slowly moving (Fig. 2). Hemoglobin of one 
turtle (Terrapene carolina), labelled in vitro 
with radioactive chromium*! before electro- 
phoresis, was found to have 2 peaks of radio- 
activity which coincided with visible pigment 
peaks. Specific activities of the 2 hemoglobin 
components were nearly equal (Fig. 3). The 
black snake and water snake were found to 
have single component hemoglobins which 
moved but little from the origin point (Fig. 
1) 

Amphibian and piscian hemoglobins. Each 
of 2 toads presented single hemoglobins with 
mobility and direction similar to that of hu- 
man A (Fig. 1). In 7 frogs, there was a 
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ELECTROPHORESIS OF TURTLE HEMOGLOBIN 
FIG. 3. Paper electrophoresis pattern, densitometer 
tracing, and radioactivity assay of turtle hemoglobin 


(T. carolina) labelled with radioactive chromium in 

vitro. The 2 electrophoretically separable components 

appear to have been labelled proportionately as indi- 

cated by comparable specific radioactivity of each 

peak. (Specific radioactivity = % total radioactivity/ 
% total hemoglobin.) 
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heavy band moving faster than A hemoglobin, 
closely preceded by a faint spot suggestive of 
a second faster-moving component. When 
samples were run for periods of 8 hours, 2 
components were more clearly separable 
(Fig. 2). In the case of carp hemoglobin 
there was rather wide diffusion about the 
line of origin, but no evidence of multiple 
bands (Fig. 1). 

Discussion. Landsteiner and co-workers 
(9) determined electrophoretic mobilities of 
hemoglobins from several animal species, us- 
ing Tiselius apparatus. The present study 
confirms their finding of similar mobilities in 
hemoglobin of the rabbit, dog, and sheep, 
somewhat greater mobility of horse and 
guinea pig hemoglobin, and slower migration 
of chicken hemoglobin. An ever-increasing 
number of reports concerned with the electro- 
phoresis of animal hemoglobins has appeared 
in recent years(10-18). 

Several groups have now reported the find- 
ing of 2 components in the electrophoresis of 
chicken hemoglobin(10-12). In the present 
study separation of the hemoglobin from all 
6 New Hampshire birds and one Leghorn into 
3 components and from 4 other Leghorns into 
2 components indicates species differences in 
hemoglobin composition in this fowl. Our 
finding of double-component hemoglobins in 
the duck and robin and of single-component 
hemoglobin in the pigeon is confirmed by 
Dunlap, Johnson, and Farner(12). These 
workers studied the blood of 21 species of 
birds and, with the exception of the pigeon, 
found 2 hemoglobin components in all. 

In the case of the Hereford cow, it would 
appear likely that temporary persistence of a 
fetal form of hemoglobin(19) accounts for 
the finding of double hemoglobin components 
in the calf and single components in adult 
animals. Study of the oxygen dissociation of 
fetal and maternal blood has demonstrated a 
developmental adult change in hemoglobin 
not only in the cow, but in a variety of other 
species including the goat, rabbit, sheep, 
chicken, frog, and turtle(20). Cabannes and 
Serain(14) found 15 of 80 bovine hemo- 
globins to possess 2 components and, exclud- 
ing genetically transmitted variations, sug- 
gested that the more rapid of these repre- 
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sented an abnormal hemoglobin associated 
with illness in the donor. It would appear 
possible to us that these 2-component bovine 
hemoglobins represented instances of persist- 
ing fetal together with adult type hemoglobin. 

In some of those species in which there are 
individual differences in the composition of 
hemoglobin from adult animals, there is evi- 
dence which indicates that the variations in 
hemoglobin types are genetically determined. 
Harris and Warren and their co-workers(18) 
observed a transmission of hemoglobin types 
in Scottish blackface sheep consistent with 
the view that these are determined by 2 al- 
leles each responsible for the formation of 
one kind of hemoglobin. Similar variations 
in the hemoglobins of many hundred cattle, 
sheep, goats, horses, and mules were reported 
by Cabannes and Serain(16) who, however, 
did not present genetic studies in their ani- 
mals. From the studies of hemoglobin pat- 
terns in inbred strains Ranney and Glueck- 
sohn-Waelsch(17) propose genetically based 
differences in mouse hemoglobin. Blood 
smears from each of the types observed dis- 
closed no morphologic differences of the 
erythrocytes. 

Svedberg and Hedenius(21) suggested that 
the formation of dimers and trimers might 
account for individual hemoglobins with 2 or 
more sedimentation constants in some species 
of reptiles and amphibians, and it might be 
argued that electrophoretic heterogeneity of 
turtle and frog hemoglobin could be due to 
such double molecules. Such conjugates 
were not observed in other classes of verte- 
brates (including birds) and it would appear 
more likely to us that differing molecules 
rather than dimer formation account for the 
finding of multiple hemoglobin components. 

In those species in which 2 component 
hemoglobins are of regular occurrence in adult 
animals (horse, birds, turtles, frog) it would 
seem likely that both components represent 
normal forms of hemoglobin. Perhaps in 
some there is continued production of a fetal 
type hemoglobin into adult life. Convincing 
evidence linking the presence of multiple 
hemoglobins with hematologic disease in ani- 
mals is (still) lacking. 

Summary. Differences have been found 
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both in the number of components electro- 
phoretically separable from individual animal 
hemoglobins and in the mobility of these com- 
ponents relative to human A, S, and C hemo- 
globins. Under the conditions employed, 
with the exception of the horse, 2 of 3 calves, 
and 2 of 6 sheep, all of which possessed 2 
components, the (adult) mammalian hemo- 
globins studied were found to have single 
components. Some displayed anodic mobility 
similar to that of human A hemoglobin (chim- 
panzee, rhesus monkey, pig, sheep, goat, cat, 
mouse, rat, hamster), others had greater mo- 
bility (macaque, guinea pig), and some pos- 
sessed lesser mobility (llama, cow, dog, rab- 
bit). In the Hereford steer, it would appear 
that temporary persistence of fetal hemo- 
globin accounts for the finding of 2-compon- 
ent hemoglobin in the calf and single-com- 
ponent hemoglobin in adults. Hemoglobin 
from several New Hampshire chicken and one 
Leghorn was found to have 3 electrophoretic 
components; that from other Leghorns, 
ducks, and a robin showed 2 components. 
Penguin and pigeon hemoglobin had _ single 
components. Hemoglobin prepared from each 
of 3 species of turtles possessed 2 widely sepa- 
rated bands. Black snake, water snake, and 
toad had one-component hemoglobins. Frog 
hemoglobin gave a 2-component pattern. 
With few exceptions the number of individual 
hemoglobins tested in any species has to date 
been small. It is likely that the study of 
larger numbers of animals will uncover addi- 
tional examples of heritable variations in 
hemoglobin types. 


We thank Dr. Harvey Itano for his help in prepa- 
ration of this report. 
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Effect of Calcium Pantothenate on Isoniazid Toxicity in the Guinea Pig.*t 


(23235) 


R. W. MANTHEI 


(Introduced by J. M. Coon) 


Department of Pharmacology, Jefferson Medical College, Philadelphia. 


The treatment of tuberculosis with high 
doses of isoniazid (isonicotinic acid hydra- 
zide) is frequently limited by development of 
peripheral neuropathy in the patient(1). 
Central stimulation with or without convul- 
sions results from acute toxic doses of isoni- 
azid in man as well as in animals but chronic 
administration of low doses does not produce 
significant toxic side reactions(2). Peripheral 
neuropathy characterized by muscle spas- 
ticity and abnormal gait has been produced 
in rats maintained for several months on a 
diet containing 0.25% isoniazid(3). In the 
present study repeated administration of sub- 
convulsive doses of isoniazid produced in the 
guinea pig a toxic reaction which in certain 
aspects resembles the peripheral neuropathy 
reported in man. Daily administration of cal- 
cium pantothenate to these animals prevented 
development of this reaction. 

Materials and methods. Guinea pigs of 
either sex and of mixed breed weighing 100- 
200 g were housed in individual cages and 
maintained on Purina rabbit chow checkers 
plus cabbage. Animals were weighed each 
morning and isoniazid or a combination of 
isoniazid and ethanol was administered in 
0.9% saline by intraperitoneal injection 3 
times a week. Experiments were conducted 
for 4 to 6 weeks after which the animals 
were sacrificed and examined for gross patho- 
logical changes. Except for local necrosis at 
the injection site in a few of the animals re- 
ceiving alcohol, no such changes were ob- 
served. 

Results. Within one hour after an injec- 
tion of 50-75 mg/kg of isoniazid the guinea 
pig becomes restless, easily startled and ex- 


* A preliminary report was presented at meeting 
of Soc. Pharmacol. and Exp. Ther., French Lick, 
Ind., Nov. 1956. 

t Aided in part by medical research grant from 
Nat. Tuberculosis Assn., the Am. Trudeau Soc. and re- 
search grant from Nat. Inst. of Neurol. Dis. and 
Blindness, P.H.S. 


citable and after another one or 2 hours be- 
haves normally. However, in about 25% of 
the animals which have received 3 to 5 injec- 
tions of isoniazid on alternate days, the pe- 
riod of hyperexcitability is followed by mus- 
cle tremors but overt convulsions do not de- 
velop. By 2 hours after injection the animal 
squeals frequently and makes obvious efforts 
to remain off his feet. Finally, coordinated 
control of the hind limb musculature is lost 
and the guinea pig lies on his side. His re- 
flexes are hyperactive and an increased sensi- 
tivity to pain in the hind limbs is apparent. 
Merely touching any hind limb joint during 
this period causes the animal to withdraw his 
leg violently. This hyperesthesia persists for 
an hour or more. Atonia, initially evident 
only in the hind limbs, may progress forward 
until a flaccid paralysis of all of the body 
musculature is present. (This total flaccid 
paralysis was used as the criterion for the 
response throughout the remainder of the 
study.) Respiratory muscles, however, are 
not affected since respiration continued nor- 
mally except in a few cases in which fluid ac- 
cumulated in the respiratory tract after sev- 
eral hours of paralysis. The majority of ani- 
mals appear normal within 5 hours after in- 
jection of the isoniazid. The guinea pigs 
usually lose weight on the day of injection 
but regain their weight on the following day 
and are able to maintain a normal growth 
curve over the experimental period. The ma- 
jority of guinea pigs did not react positively 
to every subsequent injection of isoniazid but 
to only every third or fourth test with this 
drug when given on alternate days. 

Injection of a 15% solution of ethanol in a 
dose of 1.2 g/kg together with the isoniazid 
produced a_ significant increase (pO 
0.001) in incidence of response in the guinea 
pigs (Table I). This dose of alcohol alone did 
not produce any observable reaction when in- 
jected 3 times a week into control animals. 
However, when given in combination with 
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TABLE I. Toxic Response to IP Injection of Isonia- 
zid and Alcohol in Guinea Pigs. 


No. animals re- 


sponding/No. Y% animals 


Drug and dose animals tested responding 
Tsoniazid 50-75 mg/kg 10/39 DS if 
Idem + alcohol 1.2 g/kg 22/27 81.5 
Alcohol 1.2 g/kg 0/6 0. 


isoniazid, not only did alcohol cause more 
animals to respond but the responses ap- 
peared earlier in the sequence of injections 
and with greater regularity thereafter. In 
many Cases a response to the combination of 
isoniazid and alcohol was seen on initial in- 
jection of these drugs. This never occurred 
with isoniazid alone. Some animals responded 
to each injection of isoniazid and alcohol 
while others did not respond to the first in- 
jection given at the beginning of the week but 
only to the second and third injections. 


The symptomatology of the response to the 
combination of isoniazid and alcohol was in 
every way similar to that seen after isoniazid 
alone. An increase in the incidence of re- 
sponse to isoniazid was also obtained in a 
limited number of animals in which the al- 
cohol was given orally. Other agents given 
along with isoniazid but which did not sig- 
nificantly increase the incidence of toxic re- 
sponse included sodium salicylate, cortisone 
and acetaldehyde. 

Since the response to the combination of 
isoniazid and alcohol was more consistent 
than that to isoniazid alone, these 2 drugs 
were used to test ability of certain vitamins 
to protect against the toxic response. These 
vitamins were injected daily in guinea pigs 
_that had previously given 2 consecutive re- 
sponses to isoniazid and alcohol. The vita- 
mins were always given some 18 hours prior 
to the challenging doses of isoniazid and al- 
cohol in order to decrease likelihood of pro- 
tection being achieved by a direct chemical 
interaction in the bloodstream. 

While control animals showed continuing 
positive responses (total flaccid paralysis) to 
test doses of isoniazid and alcohol, animals 
treated with calcium pantothenate no longer 
responded (Table II). A single injection of 
20 mg/kg of the vitamin blocked the reaction 
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in most cases on the following test day. With 
10 mg/kg of calcium pantothenate several 
daily injections of the vitamin were required 
to prevent the reaction from appearing in all 
of the guinea pigs. However, in these ani- 
mals there was a noticeable diminution of in- 
tensity of response even after the first injec- 
tion of the vitamin. All animals on panto- 
thenate therapy showed the initial stages of 
excitement after receiving the isoniazid and 
alcohol, but the spasticity, joint sensitivity 
and flaccidity seen previously did not appear. 
The decrease in incidence of total paralysis 
in pantothenate treated animals as compared 
to controls is statistically significant (p(x?) << 
0.01). When the pantothenate therapy was 
discontinued, responses to the isoniazid and 
alcohol combination again appeared after 3 
to 5 injections. In a separate experiment, 2 
guinea pigs giving repeated responses to only 
isoniazid were similarly protected by panto- 
thenate. 

Calcium ion equivalent to that present in 
the calcium pantothenate was administered 
as the gluconate to 4 guinea pigs responding 
to isoniazid and alcohol. These animals con- 
tinued to respond to succeeding challenges of 
isoniazid and alcohol until they ultimately 
died during a period of prolonged paralysis. 

Daily administration of 20 mg/kg of pyri- 
doxal HCl in a similar series of experiments 
was without effect on either incidence or dura- 
tion of responses to isoniazid plus alcohol. 
Pyridoxal administered together with or 
shortly after the isoniazid-alcohol combina- 
tion, however, noticeably decreased severity 
of the responses. 

Discussion. The initial hyperreflexia, the 


TABLE II. Antagonism of Toxic Action of 75 mg/ 
kg Isoniazid plus 1.2 g/kg Ethanol (IP) in Guinea 


Pig.* 
Treatment Response ratios on alternate days 
and mg/kg 1 2 3 4 5 6 
Control 6/6 4/6 5/6 6/6 5/6 6/6 
Ca pantothenate 10 8/9 1/9 2/9 1/9 0/9 0/9 
Idem 200) 1/69 10//0= O16 0/655 0/6% 0/6 
Pyridoxal HCl 20 4/4 4/4 3/4 4/4 4/4 .4/4 
Ca gluconate 18 Liypal AWN AYE BS BS BIB 


* Control and treated animals selected only after 
they had given 2 consecutive responses to isoniazid- 
ethanol. 
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hyperesthesia particularly evident in all the 
hind limb joints, and to some extent the mus- 
cle flaccidity present in these guinea pigs 
were all indicative of peripheral neuropathy. 
However, the extensive flaccid paralysis noted 
as well as the transient nature of the response 
are in general not characteristic of drug-in- 
duced polyneuritis. Hence, the toxic response 
from isoniazid observed in these guinea pigs 
differs in these aspects from the peripheral 
neuropathy produced in patients by isoniazid 
therapy. 


The potentiation of toxic response from 
isoniazid by alcohol in these studies may have 
some significance in therapeutics. Oestreicher 
et al.(4) noted that 7 out of the 8 cases of 
peripheral neuropathy found in a series of 
patients on isoniazid therapy occurred in 
chronic alcoholics. Although isoniazid may 
merely have activated a sub-acute polyneu- 
ritis in such patients, it is possible that their 
alcohol intake may have directly contributed 
to the increased incidence of toxic response. 
Since, in the present studies, orally adminis- 
tered alcohol gave essentially the same reac- 
tion as injected alcohol, the increase in tox- 
icity noted with alcohol probably did not re- 
sult from local irritation by the injected al- 
cohol. Negative results with acetaldehyde 
indicated that alteration in the metabolism of 
alcohol was also probably not an essential 
factor in causing the response. Since neither 
sodium salicylate nor cortisone altered the in- 
cidence of response, it is not likely that the 
response was mediated through adrenal 
stimulation by isoniazid. 


The peripheral neuropathy seen in isoni- 
azid treated patients has been associated with 
alteration in vit. By activity by the drug(1). 
Pyridoxine HCl has been shown to relieve 
isoniazid induced polyneuritis in patients(5). 
Concomitant administration of pyridoxal HCl 
and isoniazid in the present studies did no- 
ticeably decrease the severity of response in 
the guinea pigs. However, when the pyri- 
doxal was given some 18 hours prior to the 
isoniazid, no protection was noted. Thus it 
is likely that the protection noted in the for- 
mer experiments was dependent on some ef- 
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fect of the high blood level of pyridoxal 
present. This suggests that the isoniazid tox- 
icity observed in these studies is not directly 
a result of vit. By inactivation in the tissues. 

A peripheral neuropathy similar to that re- 
sulting from isoniazid therapy in patients has 
been associated with a pantothenate de- 
ficiency in man(6). Pantothenate deficiency 
is known to cause a peripheral neuropathy 
characterized by abnormal gait in swine(7). 
However, since a sustained peripheral neuro- 
pathy was not seen in the present studies, it 
is not likely that the response to isoniazid in 
the guinea pig is dependent on a drug induced 
tissue deficiency of pantothenic acid. Since 
a high concentration of pantothenate blocked 
the transient response to isoniazid in these 
guinea pigs it is, however, possible that the 
utilization of pantothenic acid was inhibited 
by the isoniazid. 

Summary. 1. Administering 50-75 mg/kg 
of isoniazid 3 times a week to the guinea pig 
produces a transient peripheral neuropathy 
characterized by initial hyperreflexia and hy- 
peresthesia particularly evident in limb joints. 
An extensive muscle flaccidity of 3-4 hours 
duration also occurs during this reaction to 
isoniazid. 2. Addition of 1.2 ¢/kg of ethanol 
to the isoniazid injection significantly in- 
creases incidence of the toxic response to 
isoniazid. 3. The response is prevented by 
daily administration of 20 mg/kg of calcium 
pantothenate but is not prevented by daily 
administration of 20 mg/kg of pyridoxal HCl. 
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Earlier work on peroxidase in saliva was 
qualitative with conflicting reports as to the 
source and the peroxidatic or oxidatic nature 
of the enzyme(1-5). Eggers-Lura(6) demon- 
strated presence of peroxidase in the parotid 
secretion and whole saliva. He noted the 
high peroxidase activity of the salivary sedi- 
ment and suggested that this activity might 
be due to presence of leukocytes. Mosimann 
and Sumner(7) reported a strong peroxidase 
activity in whole saliva and salivary sediment. 
Catalase in saliva has received incidental 
mention by a number of investigators but 
only a few specific studies have been made. 
Deakins(8,9) investigated the effect of stor- 
age on catalase in saliva and the catalase ac- 
tivity of 14 samples of whole saliva. Eggers- 
Lura(6) claimed that catalase is present in 
the parotid gland secretion. 

The present study extends these investiga- 
tions and describes activities, properties, and 
sources of peroxidase and catalase in saliva. 

Methods. For peroxidase determination 
the technic proposed by Sumner and Gijessing 
(10) was utilized unchanged except for a 
modification in final H»Os concentration and 
for omission of the ether filtration. One ml 
of saliva was used in all determinations and 
the activity was calculated as milligrams of 
purpurogallin formed per ml of enzyme 
source. The color development was read in a 
Klett Summerson photoelectric colorimeter 
and compared with a standard curve. Pyro- 
gallol was of reagent grade quality, and fresh 
solutions were prepared daily and maintained 
at 4°C. The cytochemical nickle-ammonium- 
sulfate benzidine stain for peroxidase was 
used essentially as it was described(11) ex- 
cept for the change in final hydrogen peroxide 


* This research was partly aided by contract be- 
tween Office of Surgeon General, Department of 
Army, and the University of Alabama. 

+ Presented in part at meeting of Internat. Assn. 
for Dental Research, St. Louis, Mo., Mar. 1956. 


concentration from 0.015% to 0.0025%. 
This change shortened the staining time from 
2 min to 30 sec. The counterstain employed 
was freshly filtered carbol-fuchsin. The guai- 
acol stain for peroxidase consisted of 99.5 ml 
of a 1.0% guaiacol solution and 0.5 ml of 
0.5% H»2O.. The staining time was 30 sec 
and the counterstain employed was carbol- 
fuchsin. Indicators used for determination 
of bacterial peroxidase were 2-7-diamino- 
fluorene (Eastern Chemical Corp.) and ben- 
zidine. The reaction mixture consisted of 
3.0 ml of a saturated solution of either in- 
dicator, 1.0 ml of saliva and 1.0 ml of H2O.. 
The final concentration of H,O. ranged from 
0.001% to 1.0%. After 4 hr at room temper- 
ature, tubes were read visually and recorded 
on a relative basis. Catalase activity was 
measured by the method of Feinstein(12). 
Activity was recorded as meq of perborate 
destroyed per ml of enzyme source. On the 
basis of Feinstein’s data the relation of per- 
borate units to the classical Kat. f. would be 
approximately 1:100. Duplicate samples 
and appropriate controls were used in all de- 
terminations. Whole saliva was collected by 
paraffin stimulation several hours after a 
meal. The parotid secretion was collected 
with a Curby cap(13) and the submaxillary 
secretion was collected with Schneyer’s segre- 
gator(14). One percent acetic acid applied 
to the dorsum of the tongue was used for 
stimulation in both instances. Contamina- 
tion of secretions by whole saliva was elimi- 
nated by thorough rinsing of the mouth and 
drying of the mucosa adjacent to the salivary 
ducts before placing the appliances. Whole 
saliva and glandular secretions were refrig- 
erated at 4°C immediately after collection, 
and activity determinations were performed 
within 2 hrs. 

Results. Peroxidase. Average peroxidase 
activity of whole saliva at 11:00 a.m. was 
1.198 + 0.3004 mg of purpurogallin formed 
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TABLE I. Mean Effect of Inhibitors on Peroxidase 
Activity in 10 Samples of Whole Saliva and Glandu- 
lar Secretions. 

SS SE Ee 


Molarity ae 

Compound 1 X % Inhibition 
Sodium flucride Om 42 
v 10°' 85 
azide 10° 92 
se Ome 100 
Potassium cyanide Om 85 
id 14 Om 100 


per ml(15). When this activity was calcu- 
lated on a dry weight basis, it was found that 
whole saliva had a P.Z.+ number ranging 
from 0.072 to 0.121. (For this calculation 
average dry weight of whole saliva was taken 
to be 12.4 mg/ml(16)). Peroxidase activity 
in whole saliva and glandular secretions was 
inhibited by several compounds (Table I). 
Temperature inhibition of peroxidase activity 
was determined by heating saliva for 10 min. 
When using the pyrogallol method the ac- 
tivity of both whole saliva and glandular se- 
cretions was rapidly lost above 80°C with 
total inhibition at 90°C. 

Optimal substrate concentration for the 
peroxidases in saliva was determined by ad- 
dition of graded concentrations of standard- 
ized HO, to the reaction mixture. Eleven 
samples of whole saliva and 2 samples of 
glandular secretion (1 parotid, 1 submaxil- 
lary) were used in the determination. The 
relationship of enzyme activity to optimum 
substrate concentration followed mass action 
principles in that samples with higher peroxi- 
dase activity had a higher optimum substrate 
concentration. Fig. 1 summarizes the data 
obtained with the 11 samples of whole saliva. 
Average maximum peroxidase activity for 
both whole saliva and glandular secretions 
was observed at a final concentration of 50 
pg of H2O. per ml. This concentration was 
used throughout the present study. It corre- 
sponds to the normal range of peroxidatic ac- 
tivity(15). 

This is the optimum substrate concentra- 
tion for salivary peroxidase in the presence of 
catalase. Although pyrogallol greatly inhib- 


4 P.Z. or purpurogallin number is number of mg 
purpurogallin formed/mg of enzyme in 5 min at 
ZOnGs 
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its catalase, a residual activity remains(17). 
Apparently the residual activity did not alter 
the results since the glandular secretions 
which are catalase free had the same optimum 
substrate concentration as whole saliva. 


Previous investigators(6,7) have reported 
that a portion of the peroxidase activity can 
be recovered in the sediment. When whole 
saliva from 25 subjects and 8 samples of 
glandular secretion (4 parotid, 4 submaxil- 
lary) were centrifuged at 1400 x Gravity for 
20 min at a temperature of 8°C, the super- 
nate of whole saliva was on an average 9.9 + 
6.7% less active than the uncentrifuged con- 
trol. Glandular secretions showed no loss on 
centrifugation. The 2 most likely sources of 
activity in salivary sediment are leukocytic 
(myeloperoxidase(18)) and bacterial peroxi- 
dase. 

Histochemical examination of the whole sa- 
liva sediment (Fig. 2) revealed a large num- 
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FIG. 2. Saliva sediment stained with NAS benzi- 
dine and carbol fuchsin. Epithelia and bacteria 
are stained red. Arrows point to blue peroxidase- 
positive granules in the cytoplasm of polymorpho- 
nuclear leukocytes. Original magnification 970 x. 
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ber of peroxidase positive cells which on the 
basis of morphology and of intensity of the 
staining reaction were identified as polymor- 
phonuclear leukocytes mainly of the neutro- 
philic series. They were seen infrequently in 
smears prepared from glandular secretions. 

Bacterial peroxidase has been reported in 
a variety of organisms, particularly the strep- 
tococci. Bacterial peroxidase is said to be 
heat stable(19), while peroxidase in saliva 
was heat labile. Since pyrogallol is a poor in- 
dicator of bacterial peroxidase activity, 2-7- 
diaminofluorene and benzidine(20) were sub- 
stituted in the search for a heat stable per- 
oxidase. With these indicators a slight resid- 
ual activity was detected after boiling saliva 
for 15 min. This activity was present not 
only in whole saliva but also in the glandular 
secretions. The secretions are relatively bac- 
teria free and this fact suggested that not 
bacteria but traces of hemoglobin or its de- 
rivatives (pseudo-peroxidases) were the 
source of this weak heat stable peroxidase. 

The activities of the 2 major glandular se- 
cretions were compared with the peroxidase 
activity of whole saliva by sampling whole 
saliva, parotid secretion, and submaxillary 
secretion as closely together in time as pos- 
sible. The time required for collection was 
usually 20-30 min. The activity of the se- 
cretions was calculated in percentage of the 
activity of the corresponding whole saliva. 
Eighteen series were determined. The paro- 
tid secretion averaged 125.1 + 19.6% and 
the submaxillary secretion averaged 86.8 + 
15.3%. The lower proportionate activity of 
the latter may be due to a greater content of 
inert matter, e.g. mucin. 

Catalase. Average catalase activity of 
whole saliva at 11:00 a.m. was found to be 
0.169 + 0.0603 meq of perborate destroyed 
per ml(15). On a dry weight basis this was 
approximately 0.0137 meq of perborate de- 
stroyed per mg. 

Relative catalase activity of centrifuged 
samples of whole saliva from 25 subjects was 
determined as for peroxidase. The average 
loss of catalase activity by whole saliva was 
36.6 + 16.0%. Catalase determinations in 
40 samples of glandular secretion gave nega- 
tive results with exception of one specimen 
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contaminated by whole saliva. 

Discussion. The source of peroxidase in 
saliva is predominantly glandular and a 
smaller amount of activity is contributed by 
the leukocytes. The percentage determined 
by centrifugation can only be taken as an ap- 
proximation since it is possible that a large 
number of leukocytes have degenerated and 
released varying amounts of peroxidase into 
solution. This portion of leukocytic per- 
oxidase would be recovered in the supernate. 
In addition, activity of the supernate would 
be increased relatively, on a unit volume basis, 
by sedimentation of inert material such as 
large masses of epithelia, bacteria and food 
residue which are devoid of peroxidase. 

Preliminary biochemical and histochemical 
determinations of peroxidase in the human 
submaxillary gland indicate that the serous 
acinar cells of this gland are a rich source of 
tissue specific animal peroxidase and that 
they actively secrete it. This probably also 
holds true for the parotid gland. Plasma 
levels of peroxidase for all practical purposes 
can be considered to be non-existent. 

Bacterial peroxidase is thought not to con- 
tribute to the peroxidase activity of saliva. 
The action of boiled saliva on benzidine and 
2-7-diaminofluorene in the presence of HsO. 
was slight and probably due to hemoglobin or 
its equally non-specific derivatives. Also, 
these indicators are highly sensitive and may 
give false positives(21,22) with various non- 
enzymatic materials. Hemoglobin has _per- 
oxidase-like action but is not specific for any 
one tissue of the body and is a constant source 
of contamination in studies of tissue specific 
peroxidases in animals. Hemoglobin was 
eliminated as a major source of peroxidase 
activity in saliva on the basis of the follow- 
ing evidence: The P.Z. of saliva on a dry 
weight basis has in some cases twice the per- 
oxidase activity of crystalline oxyhemoglobin 
as determined by Bancroft and Elliott(17). 
The peroxidase activity of hemoglobin is 
relatively heat stable whereas the activity in 
saliva is heat labile. Microscopic examina- 
tion of saliva utilizing histochemical stains for 
peroxidase failed to disclose any intact eryth- 
rocytes. 

Absence of detectable hemoglobin and _ of 
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intact erythrocytes probably excludes the lat- 
ter from consideration as a source of catalase 
in the healthy mouth. Since the glandular 
secretions are devoid of catalase it is pre- 
sumed that the enzyme is primarily bacterial 
in origin. The fact that only 1/5 to 1/2 of 
the activity could be centrifuged out of solu- 
tion may be explained by bacteria remaining 
in the supernate and by accumulated extra- 
cellular portion of the enzyme which would 
also remain in the supernate. Some authors 
(23,24) have reported that leukocytes con- 
tain catalase in the same quantity as erythro- 
cytes. Agner(25) utilizing improved technics 
concluded that leukocytes are free of catalase. 

Summary. 1. Peroxidase in normal saliva 
is predominantly of glandular origin with a 
smaller amount of activity contributed by the 
leukocytes. Hemoglobin may be present in 
trace amounts. Although saliva contains large 
numbers of streptococci said to contain bac- 
terial peroxidase, the latter could not be dem- 
onstrated. 2. Catalase was absent from the 
glandular secretions in a large series of deter- 
minations and its origin in normal saliva is 
presumed to be bacterial. Leukocytes and 
erythrocytes probably contribute little if any 
catalase to normal saliva. 
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illustrations. 
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Several investigators have confirmed the 
protective effects of spleen-shielding, injec- 
tions of spleen homogenates, or infusions of 
bone marrow in X-irradiated mammals. Since 
there is evidence that fission neutrons and 
Co®® gamma rays may kill mice through dif- 
ferent modes of mortality(1), it has been 
suggested that the earlier neutron death is 
largely attributable to effects on the intestine 
while the later X- or gamma-ray mortality 
peak is primarily associated with destruction 
of the hematopoietic system. It seemed of in- 
terest, therefore, to determine whether or not 
implanted spleens would protect neutron-irra- 
diated mice. Since it was impracticable to at- 
tempt to shield the spleen from fission neu- 
trons, attempts were made to utilize some of 
the other technics that have been developed. 
In preliminary experiments, several attempts 
were made to use Cole’s technics(2) to pro- 
tect neutron-irradiated mice with homoge- 
nates of spleens, but no protection was af- 
forded. The experiments reported here were 
suggested by Jacobson’s earlier work(3), in 
which spleens from newborn mice were im- 
planted into the abdominal cavities of ir- 
radiated mice. 

Methods. Four spleens from CF No. 1 
mice (< 2 weeks old) were implanted into 
an ether-anesthetized, neutron-irradiated 
mouse, within 2 to 3 hours after irradiation. 
All exposures were carried out in the gamma- 
neutron radiation chamber(4) using fission 
neutrons at the CP-3’ and CP-5 Reactors at 
Argonne National Laboratory. Neutron ex- 
posures were for 2 hours or less; dose rates 
varied from 3-10 rads/min. The irradiated 
mice were CF No. 1 females 6-8 weeks of age. 
Half of each series of irradiated animals re- 
ceived spleens and half served as sham-op- 
erated controls, in which the body cavity was 
opened, a forceps inserted momentarily, and 


* Work performed under auspices of U. S. Atomic 
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the incision closed. A third group of animals 
was randomly selected as unirradiated con- 
trols. There were 20 to 30 mice in each of 
these 3 groups. 

Results. In Fig. 1, the results of 3 neutron 
experiments are summarized. In each case, 
the upper figure compares the average body 
weights of the 3 groups of mice, while the 
lower graph compares the cumulative mor- 
tality of the mice receiving spleens after ir- 
radiation with that of the sham-operated, neu- 
tron-irradiated group in the same experiment. 
There was no significant difference in body 
weight loss between the spleen-implanted and 
sham-operated groups. The cumulative mor- 
tality of the spleen-implanted groups was al- 
most identical with that of the sham-oper- 
ated groups at 30 days, whether the neutron 
dose was sufficiently high to kill 25%, 60%, 
or 80% of the mice. These data suggest that 
spleen implantation gave no protection to the 
mice irradiated with fission neutrons. 

In all cases of death, autopsies were per- 
formed. Several implanted spleens were 
usually recovered from the body cavities of 
the irradiated mice. They were found in all 
stages from apparent normality to complete 
destruction, as judged by gross inspection. 
The implants were usually firmly attached to 
peritoneal surfaces. 

To test the method, 2 similar experiments 
were carried out following 940-950 r Co®° 
gamma irradiation (exposure approximately 
1 hour, dose rate ~ 16 r/min.) Both weight 
loss and mortality appeared much later (end 
of the second week) after gamma irradiation 
than after comparable fission neutron ex- 
posures (Fig. 2). In both of these gamma 
ray experiments, the 30-day mortality data 
indicate that the spleen implants definitely 
conferred some protection. This is also evi- 
dent in the lack of weight loss from the 10th 
to the 15th days in the spleen-implanted mice. 

In view of the fact that the protection after 
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gamma irradiation was most evident at the 
end of the second week after exposure, it is 
perhaps not surprising that implantation of 
spleens did not protect neutron-irradiated 
mice during the early period, when mortality 
was high. By this time most of the neutron- 
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irradiated mice were dead, presumably from 
a different mechanism of mortality. It is 
conceivable that the use of an antibiotic such 
as streptomycin, which can protect neutron- 
irradiated mice for at least 10 or 11 days after 
exposure(5), would keep a sufficient number 
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of mice alive so that the spleen implants could 
then help prevent the later death, associated 
with’ destruction of the blood-forming ele- 
ments. Such an experiment is now being 
carried out. 


Randolph and Congdon(6) have exposed 
RF male mice to total-body irradiation with 
14 Mev neutrons generated by a Cockcroft- 
Walton linear accelerator. Preliminary re- 
sults indicate that post-irradiation treatment 
with isologous bone marrow cells (intra- 
venous injection) increased the 30-day sur- 
vival. These mice were exposed to 650 rads 
of 14 Mev neutrons. Only 20% of the ir- 
radiated animals died during the first 8 days 
after exposure. Following a comparable 
dose (250 rads) of fission neutrons (mean 
energy, ~ 1 Mev), 86% of the irradiated 
mice (67/78) died from days 3 through 8 
(7). These results indicate that fast neu- 
trons of different energies may produce dif- 
ferent modes of mortality, and that the early 
4 to 10 day death characteristic of fission 
neutrons(7) is not so evident following 14 
Mev neutrons. 


Conger(8) has recently shown that for 
Tradescantia chromosomal aberrations there 
is a consistent increase in relative biological 
effectiveness (RBE) with linear energy trans- 
fer (LET), which is almost linear from the 
X-ray to the neutron energy range and within 
the neutron energy range. Since the linear 
energy transfer (Kev lost per micron) is ap- 
proximately 3 times higher for 1 Mev than 
for 14 Mev neutrons, it seems probable that 
differences may occur in biological effects 
from neutrons of such different energy 
ranges. 


It is significant that bone marrow treat- 
ment of the mice did not prevent death dur- 
ing the first week after irradiation, the period 
of high mortality following fission neutrons. 
It seems probable from these data that radia- 
tion with fast neutrons of different energies 
may give different results after treatment with 
blood-forming cells. This hypothesis is fur- 
ther substantiated by some recent work by 
Cole and Ellis(9) on the effect of bone mar- 
row or spleen injections in LAF, mice after 
fast neutron irradiation. Mice were exposed 
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to neutrons (2 Mev and 8 Mev) at the Berke- 
ley 60-inch cyclotron. They received a sin- 
gle postirradiation intravenous injection of 
fresh isologous bone marrow (10° nucleated 
cells) or a single i.p. injection of isologous in- 
fant spleen homogenate (45 mg/mouse). 
Little or no protection of the neutron-irradi- 
ated mice (425-510 rep) was reported either 
for 30-day survival or for mean survival time. 
These data are in marked contrast to results 
observed with lethally X-irradiated mice. 


Cole’s work with intravenous bone marrow 
and our results with spleen implants confirm 
the lack of protection of mice exposed to fast 
neutrons, at least from 1 to 8 Mev. They 
add to the increasing evidence that the early 
death following fission neutrons is not a 
hematological death. 


Summary. 1. Young adult female CF No. 
1 mice were irradiated with single whole-body 
exposures of fission neutrons with dose range 
sufficient to kill 20 to 90% in 30 days. Four 
spleens from 2-week-old mice were implanted 
into body cavities of half this group; the 
remaining mice served as sham-operated con- 
trols. 2. Spleens gave no obvious protection 
to these neutron-irradiated mice: There was 
no significant difference in either body weight 
loss or in 30-day mortality between spleen- 
implanted and sham-operated groups. 3. Im- 
planted spleens provided some protection to 
similar mice exposed to single doses of Co®® 
y-rays in the 30-day lethal range. 4. Fail- 
ure of implanted spleens to protect neutron- 
irradiated mice may be correlated with early 
(4-10 day) mode of mortality following single 
doses of fission neutrons. 5. It seems prob- 
able that radiation with fast neutrons of dif- 
ferent energies may give different results after 
treatment with blood-forming cells. 
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